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GENERAL  REPORT. 


The  following  report  covers  the  work  of  the  State  Board  of  Health  for 
the  year  ended  Sept.  30,  1904.  In  the  field  of  water  sapply  and  disposal 
of  sewage,  it  covers  the  work  performed  during  the  year  ended  Dec.  81, 
1904;  and  in  that  of  prodaction  of  diphtheria  antitoxin  and  of  laboratory 
diagnosis,  only  that  done  during  the  six  months  ended  Sept.  80,  1904,  the 
preceding  six  months'  work  having  been  reported  upon  in  the  report  of  the 
Board  for  the  year  1908.  It  is  intended  in  fatare  to  report  the  work  done 
by  all  of  the  departments  up  to  a  common  date,  namely,  September  30. 

As  in  other  years,  a  condensed  account  of  the  work  performed  is  given 
in  the  first  part,  paged  in  Roman  numerals,  and  fuller  details  are  presented 
in  the  second  part,  paged  in  Arabic  figures. 

In  1904  the  Board  comprised  the  following  members :  — 

Henbt  p.  Walcott,  Chairman, 


Jamss  W.  Hull. 
Chables  H.  Porter. 
Julian  A.  Mead. 


Hiram  F.  Mills. 
John  W.  Babtol. 
Gerard  C.  Tobet. 


On  Oct.  22,  1904,  Dr.  Samuel  W.  Abbott,  secretary  of  the  Board,  died 
at  his  home  in  Newton.  The  following  tribute  to  his  memory  was  spread 
upon  the  records  of  the  Board  :  — 

Samnel  Warren  Abbott,  M.D.,  was  appointed  health  ofiicer  of  the  State  Board 
of  Health,  Lunacy  and  Charity  on  Dec.  2, 1882.  Upoji  the  re-establishment  of  the 
Board  of  Health  in  1886  he  was  elected  secretary  and  executive  officer  of  the 
Board.  Throughoat  all  those  years,  and  until  his  death  on  Oct.  22,  1904,  he  was 
the  able,  devoted  and  untiring  officer  of  a  service  to  which  he  gave,  with  enthusi- 
asm, the  best  years  of  his  life.  His  capacities  in  the  preparation  and  discussion 
of  vital  statistics  were  everywhere  acknowledged  by  the  masters  of  the  subject, 
and  there  was  no  department  of  public  hygiene  which  had  so  great  an  attraction 
lor  him,  but  he  neglected  none  of  the  essentials  in  the  administration  of  the  laws 
for  the  protection  and  promotion  of  the  public  health. 

He  gave  his  early  years  to  the  perilous  service  of  his  country  in  time  of  war, 
and  spent  his  later  years  in  an  equally  determined  struggle  for  the  safety  of  the 
lives  of  his  fellow  men. 

On  Nov.  16,  1904,  occurred  the  death  of  Dr.  Thomas  M.  Drown,  con- 
snlting  chemist  of  the  Board,  and  at  the  regular  meeting  of  the  Board  on 
December  1  the  following  tribute  was  presented  and  spread  upon  the 
records:  — 
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Professor  Thomas  Messenger  Drown  was  selected  by  this  Board,  in  1887,  as  the 
analytical  chemist  of  the  highest  repute  to  improve  known  methods  of  analysis 
for  determining  the  character  of  the  substances  present  in  water  which  may  have 
an  injurious  effect  upon  human  health,  and  to  take  charge  of  analyses  for  deter- 
mining the  amount  of  such  substances  in  the  drinking  waters  of  the  State.  In  the 
important  work  which  the  Board  conducted  for  many  years  he  determined  the 
methods  of  analysis  to  be  used,  and  taught  the  Board  and  its  agents  the  proper 
interpretation  of  the  results.  He  had  direction  and  very  intimate  oversight  of 
the  chemical  work  of  the  Board  in  the  original  investigations  upon  the  purifica- 
tion of  sewage  by  intermittent  filtration,  and  upon  its  clarification  by  chemical 
precipitation. 

After  becoming  president  of  Lehigh  University  he  continued  through  life  the 
highly  valued  adviser  of  the  Board  in  the  important  questions  involving  chemical 
knowledge  which  have  been  presented  to  it  for  solution,  and  also  continued  as 
consulting  chemist  of  its  laboratories.  He  appreciated  the  importance  to  the  com* 
munity  of  the  work  which  this  Board  was  endeavoring  to  perform,  and  entered 
into  his  part  of  it  with  an  earnestness  and  devotion  that  supported  and  encouraged 
every  one  associated  with  him. 

His  great  knowledge,  his  appreciation  of  its  limitations,  his  clear  thinking,  his 
Justness,  his  kindness,  his  sweetness  rendered  work  with  him  a  delight,  and  have 
contributed  ennobling  characteristics  to  the  work  of  the  Board. 


On  Dec.  9, 1904,  at  a  special  meeting  of  the  Board,  Dr.  Charles  Harring- 
ton of  Boston  was  elected  secretary,  and  immediately  entered  upon  the 
duties  of  the  office.  During  the  interval  between  the  death  of  Dr.  Abbott 
and  the  election  of  Dr.  Harrington,  the  duties  of  the  office  were  performed 
by  Dr.  John  W.  Bartol,  a  member  of  the  Board. 

General  Health  of  the  State  in  1904. 

The  number  of  deaths  in  the  State  in  1904  was  48,482,  which  was  equiva- 
lent to  a  death-rate  of  15.76  per  1,000  upon  an  estimated  population  of 
8,076,083.     This  is  less  than  that  of  any  year  since  1848. 

The  mean  death-rate  of  the  four  years  1901,  1902,  1908  and  1904  was 
16.26,  which  was  much  less  than  that  of  any  four  successive  years  since 
the  beginning  of  registration  in  1842. 

The  following  figures  are  presented  for  the  ten  years  ended  with  1904 :  — 


» 

Massachusetts, 

Tbaks. 

Population.* 

Deaths. 

Death-  | 
rates.    1 

Tbabs. 

Population.* 

Deaths. 

Death- 
rates. 

1896,  . 

1896,  . 

1897,  . 
1896,  . 

1899,   ... 

2,.'M)0,183 
2,658,448 
2,618,061 
2,979,049 
2,741,470 

47,640 
49,881 
47,419 
46,761 
47,710 

19.01 
19.80 
18.11 
17.46 
17.40 

1900,  . 

1901,  . 

1902,  . 
1908,  . 
1904,  . 

2,806,846 
2,870,710 
2,637,600 
8,006,040 
8,076,088 

51,196 
48,276 
47,491 
49,064 
48,482 

18.24 
16.82 
16.17 
16.82 
15.76 

*  PopnlAtion  eBtimated  for  iDtercensal  years. 
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Infectious  Diseases. 

The  death-rate  from  the  principal  infections  diseases  in  1904  was  gener- 
ally leas  than  that  of  the  previous  year.  There  was  an  increase  in  the 
namber  of  deaths  from  consumption,  cancer  and  cerebro-spinal  meningitis, 
and  a  decrease  in  the  deaths  from  smallpox,  diphtheria,  scarlet  fever, 
typhoid  fever,  measles,  cholera  infantum,  dysentery,  whooping-cough  and 
pneumonia. 

The  deaths  and  death-rates  from  each  of  the  foregoing  diseases  in  the 
past  five  years  are  shown  in  the  following  table :  — 


Deaths  and  Deaih-rates  from  Certain  Diseases  in  Massachusetts^  1900  -1904, 


Smallpox, 

Dlphtneria  and  CTX>up, 
Scarlet  f CTer,  . 
Typhoid  fever, 
Measles,   . 
Cholera  Infantani, 
Contumptlon, . 


Djsenierjr, 

Wh 

Pneamonl 

Cancer, 

Cerebro-apinal  meningitis. 


ooplns-cough, 

iia. 


i»o«. 


I 


1^ 


s 

1,475 

891 

6S2 

81M> 

2,898 

6,199 

267 

887 

6,282 

],vBd 

196 


.011 

6.26 

1.89 

2.26 

1.16 

6.68 

18.68 

•92 

1.20 

18.83 

7.12 

.71 


1901. 


I 


is 

4i  h 


I 


s. 


97 

1,166 

886 

661 

173 

2,706 

6,038 

228 

210 

4,772 

2,080 

177 


.84 

4.06 
1.34 
1.96 

.60 

9.43 

17.64 

.78 

.78 

16.62 

7.26 

.62 


190S. 

■6 

^§ 

J 

Co 

A 

5" 

i 

p. 

284 

878 

818 

688 

888 

3,167 

4,686 

198 

887 

4,688 

2,141 

166 


.97 

2.97 

1.07 

1.88 

1.18 

10.76 

16.96 

.66 

1.16 

16.60 

7.29 

.66 


190S. 


|8- 


22 

869 

610 

627 

247 

2,469 

4,631 

188 

619 

6,190 

2,248 

166 


.07 

2.89 

1.70 

1.76 

.82 

8.21 

16.07 

.63 

1.73 

17.27 

7.46 

.62 


1»M.  ^ 


I 


9 

699 

188 

463 

160 

2,297 

4,874 

184 

117 

6,100 

2,421 

166 


1*      ** 

n 


.08 
2.27 

.46 
1.61 

.62 

7.47 

15.84 

.60 

.88 

16.68 

7.87 

.64 


In  the  following  table  a  balance  is  presented  between  the  deaths  from 
the  principal  infectious  diseases  in  the  two  years  1903  and  1904,  by  which 
it  appears  that  the  sum  of  the  deaths  from  these  twelve  causes  in  1904 
was  less  by  844  than  those  of  1903  from  the  same  causes :  — 


Deaths  from  Certain  Infectious  Diseases  in  1903  and  1904. 


Smallpoz,    .        .        .       . 
mphtherla  and  croup. 
Scarlet  fever, 

Srphold  fever,    . 
easles 

Cholera  Infaniam, 
CoQBamptlon, 

Drtentery 

WhooplDfc-congh, 
Pneumonia, 

Cancer 

Cerehro-splnal  meningitis, 

Totals,  .       .        .       . 


22 

9 

869 

699 

. 

610 

138 

— 

627 

468 

_ 

247 

160 

— 

2,469 

2,297 

- 

4,681 

4,874 

843 

188 

184 

«■ 

619 

117 

- 

6.190 

6,100 

- 

2,243 

2,421 

178 

166 

166 

9 

17.471 

16,627 

680 

13 

170 

872 

64 

87 

172 

4 

402 
90 


1,874 
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Infant  Mortality, 

The  unusually  low  rate  of  infant  mortality  which  prevailed  during  the 
three  years  1901,  1902  and  1903  was  even  less  during  the  year  1904,  it 
being  183.6  for  the  latter  year,  as  compared  with  139.5  for  1903,  140.4  for 
1902  and  137.2  for  1901. 

The  total  number  of  births  which  occurred  during  the  year  ended  June 
30,  1904,  was  74,791,  and  the  total  deaths  under  one  during  the  year  ended 
Dec.  31,  1904,  were  9,992. 

For  the  sake  of  accuracy  the  death-rate  of  infants  under  one  year  old  is 
obtained  by  comparing  the  deaths  of  such  infants  occurring  in  a  year  with 
the  mean  number  of  infants  under  one  living  throughout  a  year,  and  this 
number  must  ''lie  between  the  annual  number  of  births  and  that  number 
diminished  by  the  deaths  under  one.  It  would  be  nearer  the  latter  than 
the  former  number  on  account  of  the  excess  of  deaths  in  the  first  months 
of  life  "  (Dr.  Farr).  In  the  following  table  the  births  in  the  first  line  are 
those  which  occurred  between  July  1,  1894,  and  June  30,  1895,  inclusive, 
and  so  on  through  the  table,  the  births  in  the  last  line  being  those  for  the 
year  ended  June  30,  1904. 

The  deaths  under  one  in  the  same  table  are  those  of  the  calendar  years 
ended  Dec.  31,  1895,  1896,  etc.  The  births  during  these  ten  years  were 
719,683,  and  the  deaths  under  one  year  were  106,412,  which  is  equivalent 
to  an  infant  mortality-rate  of  147.9  per  1,000  births  for  the  decade.  The 
last  half  of  the  period  shows  a  substantial  gain  over  the  first  half,  since  the 
infantile  death-rate  in  the  last  five  ^'cars  was  141.8  per  1,000  births,  as 
compared  with  154.1  in  the  first  five  years. 

Infant  Mortality,  MassachuseUs :  1895-1904,  Ten  Years. 


Tbabi. 

BirthBin 

Tear  ending 

June  30. 

Deaths 

under  One 

Year. 

Death-rate 

under  One 

Tear  per 

1,000  Births. 

Tbass. 

Births  in 

Tear  ending 

June  30. 

Deaths 

under  One 

Year. 

Death-rate 

under  One 

Year  per 

1.000  B&ths. 

1896,     . 

1896,  . 

1897,  . 
1896,    . 
1899.     . 

66,746 
70,167 
72,578 
78,868 
71,166 

10,664 
11,766 
10,761 
11,012 
10,682 

168.2 
167.7 
148.1 
149.1 
148.0 

1900,  . 

1901,  . 

1902,  . 
1908,     . 
1904,     . 

72,480 
72,669 
71,770 
78,618 
74.791 

11,500 

9,962 

10.075 

10.269 

9.992 

159.0 
187.2 
140.4 
189.5 
133.6 

Total  blrihB  In  ten  years  ended  June  SO.  1904. 719.683. 

Total  deaths  under  one  In  ten  years  ended  Dec.  81, 19M.  106,412. 

Mean  infantile  death-rate,  147.9  per  1,000  births. 

Smallpox, 

During  the  years  1901-03,  smallpox  became  epidemic  to  an  unusual  de- 
gree, but,  owing  to  the  vigorous  and  painstaking  measures  employed,  in  the 
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year  1904  it  assumed  practically  the  conditions  wbich  .prevailed  In  the  two 
years  Immediately  preceding  those  of  the' epidemic.  The  fatality  from  this 
disease  was  9  per  cent,  in  1904  and  3.3  per  cent,  in  1903.  The  fatality  in 
1902,  when  the  epidemic  was  at  its  height,  was  11.9  per  cent.  . 

The  total  number  of  cases  reported  to  this  Board  during  the  year  1904 
was  100,  and  the  deaths  from  this  cause  were  9.  Of  this  number,  54  cases 
were  those  of  males,  with  7  deaths,  and  46  were  of  females,  with  2  deaths. 

In  the  four  years  1901-04,  3,600  cases  had  been  reported  to  the  State 
Board  of  Health,  with  403  deaths,  making  a  fatality  of  11.2  per  cent.  In 
1899  there  were  105  cases  reported,  with  14  deaths,  and  in  1900, 104  cases, 
with  3  deaths;  the  fatality  for  these  years  being,  respectively,  13.3  per 
cent,  and  2.9  per  cent. 

The  largest  number  of  cases  occurred  during  the  month  of  September, 
46  being  reported  for  that  month.  Only  1  case  was  reported  in  April,  and 
none  daring  the  months  of  November  and  December. 

The  following  table  shows  the  prevalence  of  the  disease  by  months  dur- 
ing the  year  1904  :  — 


Caaes. 


January, 
February-, 
March,  . 
April,  . 
Maj.  . 
June, 


5 
5 
3 
1 

7 
3 


Deaths. 


Cases. 


Deaths. 


July, 

8 

August 

U 

September,  .... 

46 

October,       .... 

S 

November 

- 

December,    .... 

- 

5 
2 


Of  the  100  cases  reported  to  the  Board,  the  largest  number,  61,  occurred 
in  North  Adams.  The  following  table  shows  the  distribution  of  this  dis- 
ease among  the  cities  and  towns  of  the  State,  together  with  the  number  of 
deaths  in  each  :  — 


Reported 
Cases. 

Deaths. 

Reported 
Cases. 

Deaths. 

North  Adams, 
Lawrence,     . 
Lowell,  .       .        .        . 
Leominster,  . 
PlfetBAeld, 

61 

10 

5 

5 

4 
4 
3 

5 
1 

1 
1 

Adams,  .... 

Monroe, .... 

BeTerly, 

Gardner, 

MUford, 

Totals,      . 

3 
2 
1 
1 

1 

1 

Lee,       .... 
Fitchbarg,     . 

100 

9 
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The  following  summarj  presents  the  namber  of  reported  cases  and  deaths 
iu  each  year  for  the  twenty-two  years  1883-1904 :  — 

Summary  of  Several  Years,  1883-1904, 


Ybass. 


CMes. 


Death0. 


1888, 
1884, 
1885, 
1886. 
1887, 
188S, 
1889, 
1890, 
1891, 
1892, 
1898, 
1894, 


21 

9 

32 

2 

18 

82 

10 

6 

5 

19 

46 

18ft 


ft 

8 

19 

8 
9 
6 
1 
8 
2 
9 
83 


Tbaks. 


DeBtht. 


189ft, 
1896, 
1897, 
1898, 
1899, 
1900, 
1901, 
1902, 
1903, 
1904, 


Totals, 


1 

9 

18 

12 

10ft 

104 

778 

2,80ft 

417 

100 


4,229 


14 
8 

101 
274 
19* 
9 


ftl' 


*  Four  of  these  deatbs,  which  occurred  in  the  first  days  of  January-,  1908,  were  those  of  cases 
reported  in  December,  1903,  and  In  reckoning  the  fatality  of  cases  should  be  classed  with  the  deaths 
of  1902. 

The  total  number  of  reported  cases  in  the  twenty-two  years  was  4,229, 
and  the  deaths  of  these  were  517,  or  12.2  per  cent. 

The  following  table  presents  the  data  obtained  from  the  returns  received 
since  and  including  1888.  The  returns  made  previous  to  that  date  did  not 
contain  information  of  a  sufficiently  definite  character  to  be  included  in 
this  summary. 

Smallpox  in  Massachusells  by  Ages,  and  xoUh  Reference  to  Vaccination^ 

1888-1904. 


Pkriods. 


0-1  year, 
1-ft  years,    . 

'  5-10  years,  . 

10-15  years,  . 

15-20  years,  . 

20-W  years,  . 

3(M0  years, . 

40-60  years, . 

Over  50  years. 

Age  unknown, 


Totals, 


Yaccikatbd. 


Cmm.  'Deaths. 


6 

86 

86 

49 

9ft 

450 

601 

812 

211 

14 


1,710 


8 
29 
48 
80 
88 


143 


Unyaccutatso. 


Cases. 


Deaths. 


179 
485 
267 
132 
268 
670 
278 
180 
64 
12 


2,869 


45 

66 

8 

4 

17 

79 

65 

84 

17 

5 


820 


Unkkowm. 


2 
4 
9 
2 

6 
21 
7 
8 
8 
10 


72 


Deaths. 


2 
5 
1 


10 


Total. 


Cases. 


Deaths. 


186 
526 
812 
183 
854 
1,041 
786 
450 
278 
86 


4,151 


45 

57 

8 

4 

22 

113 

99. 

64 

66 

5 


478 


Following  **  Health  of  Towns,"  on  the  last  pages  of  this  report,  may  be 
found  a  record  of  visits  made  to  cities  and  towns  by  the  medical  inspector 
for  the  purpose  of  investigating  certain  cases  suspected  of  being  smallpox. 
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Consumption, 

The  total  number  of  deaths  from  this  cause^registered  in  1904  was  4,874. 

^Vhlle  this  was  an  increase  of  343  deaths  over  the  namber  of  deaths  oc- 

carring  from  this  disease  in  1903,  and  189  more  than  occurred  from  the 

same  disease  in  1902,  the  death-rate  from  this  cause  was  less  than  that  of 

any  year  of  record,  except  that  of  the  previous  year  (1903). 

The  following  figures  present  the  deaths  and  death-rates,  by  ten-year 

periods,  during  the  half  century  1851-1900,  and  for  the  single  years  1901, 

1902,  1903  and  1904:  — 

Deaths  and  DecUh^rcUesfram  Consumption  in  Massachusetts^  1861-1904, 


PsaioDfl. 

Desths. 

Death-rates ' 

per  10,000. 

1 

PBiiOD..                     Death..     ,^'^^ 

U51-G0 

1861-70,   .... 

l«ri-80 

1881-00 

18B1-1900, 

45,263 
4ft,913 
04,089 
68,808 
64,374 

89.e 

34.9 
82.7 
29.2 
21.4 

1901,  .... 

1902,  .... 
lyuB^        •       •       •       • 

1WIt|          •          •          •          • 

5.083 
4,685 
4,581 

4,874 

17.5 
15.9 
15.1 
15.8 

Typhoid  Fever. 

The  following  table  presents  the  deaths  and  death-rates  of  these  cities 
from  this  cause  during  the  four  years  1901-1904 :  — 

Deaths  and  Deaih-raies  from  Typhoid  Fever  in  the  Cities  of  Massachusetts^ 

1901-1904, 


Crmi. 

Desthsfrom 

Typhoid 

Ferer. 

Death-rates 
per  10,000. 

Crms. 

Desths  from 

Typhoid 

Fever. 

Death-rates 
per  10,000. 

Nortb  Adams 
New  Bedford, 
Newboryport 
PittsAeld, 
Salem,    . 
Chelsea, . 
Waltham, 
Maiden, . 
Lawrence, 
Boston.  . 

ISSg^'  : 

Fan  RlTer,     . 

Lrnn, 

HaTerhUl,      . 

Gkmoester,    . 

Taonton, 

Wobum, 

Cbloopee, 

1 

1       ' 
1 

89 
87 
19 
26 
41 
87 
25 
34 
62 
517 
56 
79 
81 
51 
28 
18 
23 
10 
18 

8.6 
8.3 
3.3 
2.9 
2.8 
2.6 
2.5 
2.4 
2.3 
2.2 
2.1 
2.0 
1.8 
1.8 
1.8 
1.8 
1.7 
1.7 
1.6 

Brockton, 

Beverly, 

Melrose, 

Worcester, 

SomervlUe,    . 

Everett,  . 

Cambridge,    . 

Holroke, 

Fltctibnrg, 

Medford, 

Northampton, 

Quincy,  . 

Mewton, . 

Marlborough, 

• 

26 

9 

8 

67 

35 

15 

47 

24 

16 

9 

9 

10 

14 

4 

1.5 
1.5 
1.5 
1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1.0 
0.9 
0.8 

Total, 

Mean  annual  d 
rate,  ^ 

ieath. 

t                  m 

1,539 

1.9* 

*  Calculated  from  estimated  mean  annual  population  of  the  foregoing  cities  for  the  four  years 
1801-04  Of  8,006,668. 
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By  the  foregoing  table  it  appears  that  the  death-rate  from  this  cause 
daring  the  four  years  1901-04  was  1.9  per  10,000.  By  comparing  this 
rate  with  the  following  condensed  summaiy  from  the  report  of  1900  it  can 
be  seen  that  a  decided  and  continuous  improvement  is  taking  place. 

Dealh-rcUes  from  Typhoid  Fever  per  10,000,  1871-1904,  Massachusetts. 


lff7l-75, 
1876-80, 
1881-86. 
1886-90, 


8.2 
4.2 
4.1 
4.6 


1891-96 3.4 

1896-1900 2.6 

1901-04, 1.9 


For  the  entire  State  the  death-rates  from  this  cause  in  1901,  1902,  1903 
and  1904  were,  respectively,  1.95,  1.83,  1.75  and  1.75  per  10,000  inhab- 
itants. 

The  highest  death-rates  from  this  cause  among  the  cities  appear  to  have 
occurred  in  North  Adams  (3.6),  New  Bedford  (3.3)  and  Newburyport 
(3.3)  ;  and  the  lowest  occurred  in  Quincy  (1),  Newton  (.9)  and  Marlbor- 
ough (.8).  Marlborough  reported  only  4  deaths  from  this  cause  in  the 
four  years. 

Diphtheria, 

The  following  table  shows  the  deaths  and  death-rates  from  diphtheria  by 
five-year  periods  from  1876  to  1900  and  for  the  single  years  1901,  1902, 
1903  and  1904:  — 


Deaths  and  Death-rates  from  Diphtheria  per  10,000, 187  6-1904,  Massachusetts, 


Ybars. 

Deaths. 

1 
Death-nteB. 

1 

Tbahb. 

Deaths. 

Death-rates. 

1876-80,    .... 

13,676 

15.8 

1901, 

•                •                •                « 

1,166 

4.1 

1881-85 

8,944 

9.5 

1902, 

•                •                •                • 

873 

8.0 

1886-90 

8,867 

8.4 

1903, 

a                    •                    •                    • 

869 

2.9 

1891-96 

7,652 

6.4 

1904, 

•                    •                    ■                    • 

699 

2.3 

1896-1900, 

6,831 

4.7 

Further  and  more  definite  information  relative  to  diphtheria  may  be  found 
in  that  portion  of  the  report  which  relates  to  the  production  and  distribu- 
tion of  antitoxin. 

Other  Preventable  Diseases, 

The  following  table  presents  the  deaths  and  death-rates  from  measles, 
scarlet  fever,  dysentery,  cholera  infantum  and  whooping-cough,  for  the 
period  of  thirty-five  years,  1866-1900,  and  for  the  four  years  1901,  1902, 
1903  and  1904:  — 
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Deaths  and  DtcUh-raUs  in  MassachuseUs  per  10,000  Living  from  Certain  In-- 
feHious  Diseases  by  Five-year  Periods,  1866-1900,  and  for  1901-04, 


1' 
Hbablbs. 

8CABI.BT  FBTSB. 

1 

Dyskktuit. 

„                   1 
Choucba 

Ihtahtum.      I 

Whoopimo- 

OOUOH. 

Deaths. 

1 

ft 

Death- 
rates. 

Deaths. 

Death- 
rates. 

Deaths. 

Death- 
rates. 

Deaths. 

Death- 
rates. 

Deaths. 

Death- 
rates. 

1^06-70,      . 

1,081 

1.6 

4,670 

6.8 

3,244 

4.7 

6.943 

10.1 

1,481 

2.1 

i«71-7a,      . 

1,133 

1.4 

6,782 

8.6 

2,191 

2.8 

12,458 

15.8 

1.661 

2.0 

1876-80,      . 

742 

0.9 

3,517 

4.1 

2,866 

2.7 

9,054 

10.5 

1,498 

1.7 

1881-85,      . 

1,007 

1.1 

2,504 

2.7 

1,601 

1.7 

9,894 

10.5 

1,213 

1.3 

1886-90,      . 

1,089 

1.0 

1,810 

1.7 

1,276 

1.2 

10,904 

10.3 

1.421 

1.3 

1991-95,      . 

815 

0.7 

2,857 

2.4 

1,088 

0.9 

13,426 

11.2 

1.445 

1.2 

1896-1900,. 

948 

0.7 

1,858 

1.0 

1,484 

1.1 

11,865 

8.9 

1.465 

1.1 

1901,. 

178 

0.6 

885 

1.8 

228 

0.8 

2,705 

9.4 

210 

0.7 

1902,. 

333 

1.1 

818 

1.1 

198 

0.7 

3,157 

10.7 

887 

1.1 

190S,  . 

247 

0.8 

510 

1.7 

188 

0.6 

2.469 

8.3 

519 

1.7 

1901,. 

160 

0.5 

138 

0.5 

184 

1 

0.6 

2,297 

7.5 

117 

0.4 

The  deathB  from  cerebro-spinal  meningitis  were  165,  which  were  9  more 
than  occurred  in  the  preceding  year,  and  represented  a  death-rate  of  .5  per 
10,000  living. 

There  were  2  deaths  from  glanders  during  the  year  and  none  from 
hydrophobia. 

Water  "Supply  and  Sewerage. 

Daring  the  year,  the  Board  received  125  applications  for  advice  upon 
matters  relating  to  water  supply,  sewerage  and  sewage  disposal,  —  about 
the  same  number  as  in  the  previous  year.  The  number  includes  also  those 
cases  in  which  the  specific  approval  of  plans  of  water  supply  and  sewerage 
systems,  or  of  the  taking  of  lands  for  these  purposes,  is  required  by  special 
acts  of  the  Legislature,  or  votes  of  city  or  town  governments.  Of  the  125 
applications  received,  74  related  to  water  supply,  12  to  sources  of  ice 
supply,  30  to  sewerage,  drainage  and  sewage-disposal  systems,  and  9  to 
miscellaneous  matters,  including  the  prevention  of  pollution  of  streams 
and  tidal  waters. 

Examination  of  Water  Supplies. 

A  public  water  supply  was  introduced  during  the  year  in  the  town  of 
Ashfield,  and  at  the  end  of  the  year,.  172  of  the  853  cities  and  towns  in 
the  State  were  provided  with  public  water  supplies.  These  172  cities  and 
towns  contain  approximately  92  per  cent,  of  the  population  of  the  State. 
All  of  the  cities  and  towns  of  the  State  having  a  population,  according  to 
the  census  of  1900,  in  excess  of  3,500  are  now  provided  with  public  water 
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supplies,  except  the  towns  of  Barnstable,  Blackstone,  Chelmsford,  Dart- 
mouth, Dudley,  Pepperell  and  Tewksbury. 

Many  of  the  sources  of  public  water  supply  were  inspected  during  the 
year  by  the  engineer  of  the  Board  or  his  assistants,  and  the  waters  of  210 
sources  were  examined  at  regular  intervals  by  means  of  chemical  analy- 
ses. Microscopical  and  bacterial  analyses  also  have  been  made  in  some 
cases.  The  results  of  the  examinations  of  water  supplies  are  presented 
on  pages  109  to  176  of  this  report.  The  tables  of  analyses  made  during 
the  year,  as  usually  given  in  previous  reports,  are  omitted,  and  the  results 
of  examinations  made  during  the  past  five  years  have  been  summarized, 
and  are  presented  in  general  tables  so  arranged  as  to  afford  a  means  of 
comparing  the  various  waters  as  to  their  sanitary  condition  and  the  various 
properties  usually  considered  in  determining  the  quality  of  a  drinking 
water.  The  usual  tables  of  water  supply  statistics  are  presented  on  pages 
183  to  192. 

Bides  and  Eegulations  for  preventing  the  Pollution  and  securing  the  Sanitary 
Protection  of  Waters  used  as  Sources  of  Public  Water  Supply. 

In  response  to  the  petitions  of  the  authorities  of  the  cities  of  Worcester, 
Northampton  and  Springfield,  and  the  towns  of  Plymouth,  Greenfield, 
Easthampton,  Wakefield,  Randolph  and  Holbrook,  the  Board  has  estab- 
lished rules  and  regulations  for  preventing  the  pollution  and  securing  the 
sanitary  protection  of  the  ponds  and  streams  used  by  those  municipalities 
as  sources  of  public  water  supply.  The  rules  and  regulations  are  similar  to 
those  which  have  been  adopted  by  the  Board  in  previous  years  for  the 
protection  of  the  waters  of  other  cities  and  towns. 

Experiments  upon  the  Application  of  Salts  of  Copper  to  Ponds  and  Reser- 
voirs^ to  destroy  Growths  of  Organisms, 

One  of  the  most  serious  annoyances  to  which  the  users  of  water  drawn 
from  ponds  and  reservoirs  are  subjected  is  the  disagreeable  taste  and  odor 
by  which  the  water  of  many  of  these  sources  is  at  times  affected,  —  an 
annoyance  which  has  been  sufiScient  in  some  cases  to  lead  to  the  abandon- 
ment of  the  source  of  supply. 

The  objectionable  tastes  and  odors  of  pond  and  reservoir  waters,  which 
are  often  attributed  to  decaying  fish  and  other  causes,  are,  in  practically 
all  cases  which  have  been  brought  to  the  attention  of  the  Board,  caused  by 
the  presence  of  organisms,  in  some  cases  of  kinds  which  attach  themselves 
to  the  sides  and  bottom  of  the  reservoir,  but  in  the  majority  of  cases  of 
those  kinds  which  live  in  suspension  in  the  water.  Early  in  1903,  Dr. 
George  T.  Moore,  algologist  of  the  United  States  Department  of  Agri- 
culture, brought  to  the  attention  of  the  Board  the  results  of  investigations 
which  he  had  made,  indicating  that  the  microscopic  organisms  which  are 
the  chief  cause  of  objectionable  tastes  and  odors  in  the  waters  of  ponds  and 
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reservoirs  could  be  destroyed  by  applying  sulphate  of  copper,  or  blue 
vitriol,  to  the  water  in  very  small  quantities ;  and  information  was  also 
submitted  tending  to  show  that  bacteria  were  also  destroyed  in  water 
brought  in  contact  with  metallic  copper.  Experimental  tests  of  the  appli- 
cability of  the  use  of  sulphate  of  copper  as  a  method  of  removing  growths 
of  organisms,  and  the  objectionable  conditions  which  they  cause,  as  sag- 
gested  by  Dr.  Moore,  were  begun  at  once.  Salts  of  copper  are  nearly  all 
soluble  in  water,  and  are  regarded  as  poisonous  when  used  in  food  prepara- 
tions; it  is  obviously  necessary,  under  the  circumstances,  that  these  sub- 
stances should  not  be  deposited  in  water  used  for  drinking  purposes  until 
their  probable  effect  upon  the  condition  of  the  reservoir,  and  especially 
Dpon  the  health  of  those  to  whom  the  water  is  being  supplied,  has  been 
definitely  determined.  Fortunately,  a  considerable  number  of  ponds  and 
reservoirs  formerly  used  as  sources  of  water  supply,  but  now  abandoned, 
were  found  to  be  available  for  experiment;  and  in  the  use  of  these  reser- 
voirs there  was  the  advantage  that  their  biological  history  had  been  observed 
during  the  period  of  their  use  as  sources  of  water  supply,  and  that  these 
records  were  available  for  use  in  determining  the  changes  resulting  from  a 
treatment  such  as  that  proposed. 

Two  of  these  sources  were  treated  with  copper  sulphate  in  1903,  the 
quantities  applied  amounting  to  from  1  part  in  1,500,000  to  1  part  in 
2,000,000  parts  of  water;  and  during  1904  further  experiments  have  been 
carried  on  with  these  and  other  reservoirs.  The  application  of  copper  sul- 
phate has  been  made  in  all  cases  under  the  direction  of  Dr.  Moore,  and  the 
effect  of  the  treatment  upon  the  chemical  and  biological  condition  of  the 
water  has  been  determined  by  analyses  of  samples  collected  before  and 
after  the  treatment. 

Ooe  of  the  matters  of  greatest  importance  in  connection  with  the  possible 
use  of  copper  sulphate  for  the  removal  of  growths  of  organisms  from  public 
water  supplies  is  to  determine  what  becomes  of  the  copper  deposited  in  the 
water,  and  many  experiments  have  been  made  to  determine  its  final  dis- 
position. Experiments  are  also  being  made  to  determine  the  effect  of  this 
form  of  treatment  upon  animal  life  of  various  kinds. 

The  results  of  some  of  the  experiments  and  investigations  so  far  as  ob- 
tained tend  to  support  the  conclusions  which  bad  been  reached  when  the 
matter  was  first  brought  to  the  attention  of  the  Board  as  to  the  practica- 
bility of  the  copper  treatment  for  the  removal  of  growths  of  organisms  and 
bacteria,  but  the  results  of  other  experiments  conflict  with  some  of  these 
conclusions.  Further  study  and  experiment  are  necessary  before  the  prob- 
able results  of  the  use  of  copper  in  preventing  objectionable  conditions 
resulting  from  growths  of  organisms,  or  the  probable  effect  of  the  use  of 
this  substance  in  public  water  supplies  upon  the  public  health,  can  be  con- 
clusively determined. 
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The  Lawrence  City  FUter. 

The  Lawrence  city  filter,  constracted  for  the  purpose  of  purifying  the 
sewage-polluted  water  of  the  Merrimack  River  aud  preventing  the  excess- 
ive death- rate  from  typhoid  fever  and  other  diseases  resulting  from  the 
use  of  a  polluted  water  supply,  was  constructed  by  the  city  under  the 
advice  of  this  Board  in  1893.  How  successfully  it  has  served  its  purpose 
is  shown  by  the  great  reduction  in  the  death-rate  of  the  city  in  the  years 
following  the  completion  and  use  of  the  filter,  as  compared  with  the  pre- 
ceding years. 

The  filter  was  designed  to  be  of  sufficient  capacity  for  the  needs  of  the 
city  at  the  time  it  was  built;  but  the  original  design,  which  included  a 
cover  or  roof  to  protect  the  filter  in  winter,  was  not  carried  out,  and  its 
operation  has  been  greatly  hampered  and  its  capacity  limited  on  account 
of  the  impracticability  ot  maintaining  its  surface  in  proper  condition  in 
cold  weather.     In  the  winter  of  1901-02,  the  consumption  of  water  in  the 
city  was  for  a  period  of  several  days  greater  than  the  capacity  of  the 
filter ;  and  for  a  period  of  many  days  in  that  winter  the  water  stored  in 
the  distributing  reservoir  was  very  nearly  exhausted.     Early  in  the  spring 
of  1902,  the  Board  advised  the  city  of  the  urgent  need  of  covering  the 
filter,  thus  relieving  it  from  obstruction  from  ice  and  snow  and  freezing 
weather,  and  to  provide  as  soon  as  practicable  an  additional  filtering  area ; 
but  the  only  action  taken  by  the  city  authorities  was  to  divide  the  filter 
into  three  parts,  by  means  of  walls,  by  which  a  very  little  improvement 
was  made  in  the  operation  of  the  filter.    The  winter  of  1902-03  being  a 
very  mild  one,  enough  water  was  obtained  for  the  supply  of  the  city. 
Nothing  was  done  in  the  summer  season  of  1903  toward  enlarging  the 
works  for  supplying  filtered  water  to  the  city  or  pure  drinking  water  from 
any  other  source,  though  in  the  month  of  December  plans  for  a  new  filter 
were  finally  submitted  to  and  approved  by  the  Board.     In  the  winter  of 
1903-04  the  distributing  reservoir  again  became  very  nearly  exhausted,  so 
that,  if  a  large  fire  or  an  accident  to  the  works  had  occurred,  it  would 
have  been  necessary  to  introduce  the  sewage-polluted  water  of  the  Merri- 
mack River  directly  into  the  city's  supply  mains.    During  the  past  summer, 
also,  nothing  has  been  done  by  the  city  to  avert  the  calamity  of  introduc- 
ing the  unfiltered  Merrimack  River  water,  from  which  the  city  has  twice 
barely  escaped.     The  responsibility  for  the  present  conditions  appears  to 
rest  upon  the  city  government,  which,  in  spite  of  the  warnings  given,  has 
not  seen  fit  to  make  provision  for  protecting  the  lives  and  health  of  the 
people  of  the  city  from  the  danger  to  which  they  are  now  exposed. 
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Examination  of  Sewer  Outlets  and  the  Effect  of  Sewage  Disposal. 

The  examinationB  of  sewer  outlets  during  the  past  year  have  been  directed 
cMefly  to  the  outlets  into  Boston  harbor,  and  to  inTestigalions  of  the  condi- 
tions of  flats  and  tidal  waters  from  which  shell flsh  are  taken  for  food. 

On  April  28,  a  communication  was  received  from  the  city  of  New  Bed- 
ford, requesting  advice  as  to  whether  clams  and  quahaugs  collected  from 
the  Acushnet  River  could  safely  be  used  for  food ;  and  in  response  to  this 
request  the  Board  examined  the  conditions  of  the  flats  and  tidal  waters 
about  the  city  of  New  Bedford  and  the  places  from  which  shellfish  were 
being  collected,  and  caused  numerous  bacterial  examinations  to  be  made  of 
the  shellfish  collected  from  the  flats  and  waters  about  the  city.    The  results 
of  the  investigations  showed  that  the  sewage  from  a  part  of  the  city  of  New 
Bedford  was  being  discharged  into  New  Bedford  harbor  through  twenty-six 
sewer  outlets,  and  that  there  were  six  sewer  outlets  discharging  into  Clark's 
Cove,  an  arm  of  the  sea  south  of  the  city.     The  sewage  of  the  town  of 
Fairhaven,  situated  opposite  New  Bedford,  is  also  discharged  into  New 
Bedford  harbor.      The  great  bulk  of  shellfish  collected  from  the  waters 
about  New  Bedford  are  taken  from  New  Bedford  harbor,  and  the  observa- 
tions made  by  the  Board  show  that  a  large  proportion  were  collected  from 
the  New  Bedford  side  of  the  harbor,  often  within  400  feet  of  the  shores  in 
front  of  the  sewer  outlets.     Numerous  samples  of  quahaugs  collected  from 
all  over  the  harbor  have  been  analyzed  by  the  Board,  and  a  large  proportion 
of  them  were  found  to  show  the  presence  of  sewage  bacteria.     Shellfish  are 
also  collected  all  about  the  upper  end  of  Clark's  Cove,  and  examinations  of 
samples  from  this  locality  have  shown  that  a  large  percentage  are  affected 
by  sewage. 

Since  it  was  evident,  from  these  examinations  and  investigations,  that 
shellfish  taken  from  these  localities  were  likely  to  injure  the  health  of  those 
who  might  use  them  for  food,  the  Board  deemed  it  necessary  that  the  fur- 
ther taking  of  shellfish  from  these  waters  should  be  prevented ;  and  there- 
fore brought  the  matter  to  the  attention  of  the  Commissioners  on  Inland 
Fisheries  and  Game,  and  requested  that  commission,  under  the  provisions 
of  section  118  of  chapter  91  of  the  Revised  Laws,  to  prohibit  the  taking  of 
shellfish  from  the  waters  of  New  Bedford  harbor  north  of  or  inside  of  a  line 
drawn  from  Fort  Point  in  Fairhaven  to  a  point  on  the  easterly  shore  of 
CUrk's  Point  one  mile  south  of  the  most  southerly  sewer  outlet  in  the  city 
of  New  Bedford,  or  from  the  waters  of  Clark's  Cove  at  any  place  within 
three-quarters  of  a  mile  of  the  outlet  of  any  sewer  of  the  city  of  New  Bed- 
ford discharging  into  Clark's  Cove ;  and  a  chart  showing  the  areas  from 
which  the  taking  of  shellfish  was  prohibited  was  sent  to  the  commission. 
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Examination  of  Rivers, 

A  report  on  the  rivers  affected  by  sewage  pollntion  which  have  been 
under  observation  daring  the  year,  together  with  a  summary  of  the  resniis 
of  the  various  analyses  showing  the  condition  of  the  Blackstone  and  Merri- 
mack rivers,  will  be  found  on  pages  177  to  182. 

The  Neponset  River, 

The  most  serious  sources  of  pollntion  of  the  Neponset  River  in  Norwood 
and  Walpole  above  the  Great  Meadows  are  caused  by  the  wastes  from  the 
sewer  of  the  town  of  Norwood  and  the  wastes  from  a  tannery,  two  paper 
mills  and  a  gas  works.  Plans  for  the  purification  of  the  town  sewage  and 
the  tannery  wastes  have  been  submitted  to  and  approved  by  the  Board  ; 
and  during  the  past  year  notice  has  been  given  to  the  authorities  of  the 
town  and  the  owners  of  the  tannery  to  discontinue  the  discharge  of  un puri- 
fied sewage  and  wastes  into  the  river  after  July  1,  1905. 

Plans  for  the  disposal  of  the  wastes  of  three  other  works  have  been  sub- 
mitted for  the  approval  of  the  Board,  and  the  owners  of  other  large  works 
have  notified  the  Board  of  their  intention  to  present  plans  for  the  purifica- 
tion of  their  wastes  at  an  early  date.  The  quantities  of  water  used  in  some 
of  these  works  and  seriously  polluted  in  the  various  processes  are  very 
large,  and  it  is  essential  that  these  waters  should  be  returned  to  the  stream, 
after  purification,  for  the  use  of  other  owners  below.  Under  these  circum- 
stances the  problem  of  satisfactorily  purifying  these  wastes  is  in  many 
cases  a  serious  ooe,  requiiing  a  careful  study  of  the  methods  proposed,  in 
order  to  secure  satisfactory  results. 

Investigations  upon  the  Purification  of  Sewage  and  Water  at  the  Lawrence 

Experiment  Stat  on. 

In  sewage  filtration,  especial  attention  has  been  given  during  the  past 
year  to  intermittent  sand  filters,  which  have  been  in  operation  for  many 
years  at  the  Lawrence  Experiment  Station.  Efforts  have  been  made  dur- 
ing the  year  so  to  operate  these  filters  that  the  organic  matter  which  has 
accumulated  upon  the  sand  may  be  removed  by  bacterial  action,  and  in- 
creased efiSciency  be  thereby  obtained. 

This  study  has  given  rise  to  various  other  special  lines  of  work  on  the 
varied  character  of  organic  matter  stored  in  sewage  filters  and  its  degree  of 
stability  and  resistance  to  bacterial  oxidation ;  and  in  connection  with  this 
work,  experiments  have  been  made  to  determine  the  degree  of  acidity  or 
alkalinity  of  the  effluents  of  sewage  filters  of  different  kinds  when  they  are 
effecting  the  highest  degree  of  purification. 

The  investigations  as  to  the  operation  of  septic  tanks  and  the  efldciency  of 
contact  and  the  intermittent  continuous  filters  have  been  continued  as  in 
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the  preyioas  year,  and  the  filters  used  in  testing  the  results  of  these  meth- 
ods of  sewage  purification  have  been  constructed  of  different  materials  and 
operated  at  various  rates.     iDvestigations  have  also  been  made  as  to  the 
kinds  of  bacteria  in  sewage,  and  their  functions  in  the  process  of  sewage 
purification.     A  new  method  of  determining  the  degree  of  turbidity  in 
water^  especially  in  the  effluents  from  sewage  filters,  has  been  worked  out 
at  the  experiment  station  during  the  year,  tbis  method  giving  a  much  bet- 
ter idea  of  the  actual  amount  of  mineral  and  organic  matter  present  in  the 
water  as  suspended  matter  or  sediment  than  the  method  hitherto  used. 

The  experiments  upon  the  filtration  of  water  have  been  continued  as  in 
previous  years,  special  attention  being  given  to  the  results  obtainable  by 
rapid  filtration,  aided  by  coagulants,  and  by  double  filtration,  in  order  to 
determine  the  efficiency  of  such  methods. 

Investigations  have  been  made  during  the  year  at  the  experiment  station 
upon  the  bacterial  examination  of  shellfish  affected  by  sewage  pollution,  to 
determine  the  length  of  time  the  dangerous  organisms  may  live  in  shellfish 
under  various  conditions,  and  the  degree  of  heat  necessary  in  cooking  to 
destroy  pathogenic  bacteria.  Much  work  has  been  done  at  the  experiment 
station,  as  already  indicated,  in  the  study  of  the  effect  of  copper  sulphate 
and  metallic  copper  upon  microscopic  organisms  and  bacteria. 
The  results  of  the  experiments  are  presented  on  pages  195  to  295. 

Food  and  Drug  Inspection, 

The  work  of  the  State  Board  of  Health  in  the  inspection  of  food  and 
drugs  during  the  year  ended  Sept.  30,  1904,  will  be  found  reported  upon 
pages  297-345.  This  work  was  entrusted  to  the  State  Board  of  Health 
by  a  statute  enacted  in  1882  (chapter  263  of  the  Acts  of  that  year),  and 
has  been  conducted  continuously  under  the  supervision  of  the  Board  since 
that  year. 

Primarily  the  work  is  conducted  as  a  system  of  inspection,  the  samples 
obtained  for  analysis  being  purchased  in  open  market  in  the  same  manner 
M  such  articles  are  commonly  purchased  by  the  consumers.  Provision  is 
also  made  for  the  examination  of  articles  of  food  or  drugs  under  proper 
conditions,  which  are  brought  to  the  office  for  examination  by  citizens. 
This,  however,  does  not  include  the  examination  of  products  intended  for 
sale  by  dealers  or  manufacturers  or  producers,  when  such  examination  may 
be  used  for  advertising  purposes. 

The  number  of  samples  of  food  and  drugs  examined  by  the  analysts  of 
the  Board  during  the  year  ended  Sept.  30,  1904,  was  8,651,  the  total  num- 
ber for  the  whole  period  of  work  since  1883  being  157,356. 

The  number  of  prosecutions  during  the  year  was  62,  and  the  whole 
number  for  the  whole  period  of  work  was  1,788.  The  detailed  account  of 
the  prosecutions  was  sent  to  the  Legislature  in  January,  1905,  and  is  also 
published  in  this  report 
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The  inspection  of  liquors  has  indaded  the  examination,  by  the  analysts 
of  the  Board,  of  samples  sent  in  for  analysis  by  police  officers,  or  because 
of  the  supposed  existence  of  harmful  adulterants.  During  the  year  ending 
Dec.  31,  1904,  283  samples  of  liquor  were  sent  in  for  analysis  by  chiefs  of 
police  and  other  officers,  and,  of  the  cases  in  which  the  liquor  was  sold  in 
no-license  towns  and  contained  more  than  1  per  cent,  of  alcohol,  a  large 
proportion  were  prosecuted. 

Inyestigatiok  of  the  Sanitart  Conditions  of  Factories,  Wobkshops 
AND  Other  Places  of  Euplotuent  in  the  Cobihonwealth. 

The  following  resolve  was  enacted  by  the  Legislature  at  the  session  of 
1904:  — 

[ChAPTKB  99,  RX80LTX8  OF  1904.] 

Resolve  to  provide  for  an  Investigation  as  to  Sanitart  and  Other  Con- 
ditions AFFECTING  THE  HEALTH  OR  SaFETT  OF  EMPLOYEES  IN  FACTORIES 

AND  Other  Estabushments. 

Besolved^  That  the  state  board  of  health,  with  such  aid  as  it  may  require  from 
the  chief  of  the  district  police  and  the  bureau  of  statistics  of  labor,  is  hereby 
directed  to  investigate  the  sanitary  conditions  of  factories,  workshops  and  other 
places  of  employment  in  the  Commonwealth  of  Massachusetts,  with  respect  to  all 
conditions  which  may  endanger  the  life  and  limb  or  be  prejudicial  to  the  health 
of  the  persons  employed  therein.  The  officers  and  employees  of  said  board  shall 
have  power  to  enter  and  inspect  all  premises  in  use  for  industrial  purposes  and 
to  obtain  such  information  as  may  be  necessary  for  carrying  out  the  purposes  of 
this  resolve.  The  board  may  expend  a  sum  not  exceeding  one  thousand  dollars 
in  carrying  out  the  provisions  of  this  resolve,  and  is  directed  to  report  to  the  next 
general  court  on  or  before  the  fifteenth  day  of  January  next,  and  shall  accompany 
its  report  with  such  recommendations  as  it  deems  advisable.  lApproved  June  3, 
1904,'] 

Under  the  terms  of  this  resolve,  the  following  report  was  prepared  for 
the  Legislature  of  1905,  and  was  forwarded  in  due  course :  — 

In  the  study  of  the  relations  of  industrial  conditions  to  health,  it  is  very  essen- 
tial to  success  not  to  give  more  than  due  weight  to  the  results  of  analysis  of 
mortality  returns,  which,  unless  proper  allowance  is  made  for  various  important 
factors,  may  lead  to  very  fallacious  results.  The  complete  dissociation  of  the  in- 
fluence of  these  factors  is,  ia  any  extensive  inquiry,  quite  beyond  the  range  of 
possibility ;  but  with  due  consideration  of  the  dififerences  existing  in  the  condi- 
tions which  attend  dififerent  callings,  many  valuable  inferences  can  be  drawn. 
Due  weight  must  be  given  to  the  fact  that,  while  certain  occupations  are  open 
only  to  the  strong  and  intelligent,  others  are  the  refuge  of  the  weak  and  ignorant. 
Some  of  the  callings  recognized  as  dangerous  fail  to  attract  the  better  element  of 
the  working  classes,  in  spite  of  a  high  rate  of  wage ;  while  others  of  the  same 
class,  conducted  under  proper  hygienic  supervision,  may  attract  the  same  class  in 
spite  of  a  comparatively  low  rate.  The  extramural  conditions  also  are  of  the 
highest  importance,  whatever  be  the  nature  of  the  calling.  In  the  same  line  of 
work,  those  who  are  properly  housed,  fed  and  clothed,  and  whose  mode  of  life  is 
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marked  by  temperance  in  all  things  which  may  influence  health,  will  show  a 
smaller  percentage  of  sickness,  a  lower  death-rate  and  a  higher  average  age  at 
death  than  those  whose  home  surroundings  are  inferior  or  bad,  and  whose  lives  are 
marked  by  vicious  excesses.  Again,  age  is  an  important  factor.  In  certain  lines 
of  industry  that  ofier  but  a  low  wage,  it  is  largely  the  very  young,  not  yet  arrived 
at  full  development,  who  respond  to  the  call ;  and  if  the  particular  industry  be 
one  of  those  classed  as  dangerous,  the  inevitable  result  of  non-observance  or  non- 
provision  of  necessary  hygienic  precautions  is  a  high  rate  of  morbidity  and  mor- 
tality and  a  low  average  age  at  death. 

The  callings  which  are  most  likely  to  exert  an  injurious  influence  on  any  class 
of  persons  are  those  conducted  indoors,  and  especially  those  which  involve  ex- 
posure to  poisonous  substances  of  a  gaseous  nature  and  to  irritating  and  poison- 
ous dusts.  In  all  of  the  industries  which  properly  are  regarded  as  dangerous, 
the  operatives  themselves  are  commonly  very  largely  to  blame  for  the  harmful 
results  generally  recognized,  because  of  their  disregard  of  proper  hygienic  pre- 
cautioDs  which  can  easily  be  observed.  It  is  a  notorious  fact,  for  example,  that 
workers  exposed  to  dust  are  generally  disinclined  to  use  respirators  designed  to 
prevent  its  inhalation,  and  are  averse  to  the  use  of  hoods  and  fans  which  are  set 
in  place  for  its  proper  removal,  if  it  happens  that  these  devices  interfere  in  any 
degree  with  the  supply  of  light;  and  that  those  whose  hands  come  in  contact 
with  poisonous  substances,  such  as  lead  and  lead  compounds,  are  commonly 
prone  to  neglect  the  simple  precaution  of  cleansing  their  hands  thoroughly  be- 
fore handling  their  noonday  food.  It  is  to  be  said,  however,  in  justice  to  those 
who  decline  to  use  respirators,  that  most  of  these  contrivances  cause  marked  dis- 
comfort, becoming  wet  with  the  condensed  aqueous  vapor  of  the  respired  air, 
causing  some  difficulty  in  breathing  and  promoting  local  perspiration. 

The  subject  of  occupational  hygiene  being  so  very  broad  and  complex,  it  is 
plain  that,  within  the  brief  period  allowed  and  within  the  limits  of  the  appropri- 
ation made  for  such  an  extensive  inquiry,  definite  results  can  be  obtained  only 
within  very  narrow  bounds ;  and  that  the  most  useful  results  would  follow  an 
effort  to  investigate  the  conditions  inseparable  from  or  incident  to  a  few  of  the 
more  dangerous  of  the  processes  pertaining  to  some  of  the  important  trades  and 
industries,  and  to  localize  the  specific  causes  of  ill-health  among  the  operatives 
engaged  therein. 

Under  existing  laws,  the  district  police  have  a  definite  line  of  sanitary  work  to 
perform  in  the  inspection  of  the  ordinary  sanitary  provisions  which  should  exist 
in  all  factories,  such  as  the  condition  of  water-closets,  ventilation,  drainage,  etc. ; 
and  hence  it  would  appear  that  the  broader  duty  of  investigating  the  specially 
injurious  conditions  peculiar  to  the  different  lines  of  industry  was  the  important 
sod  essential  part  of  the  work  imposed  upon  the  Board,  and  it  was  decided  to 
confine  the  inquiry  chiefly  to  a  number  of  those  industries  involving  exposure  to 
dust  and  to  other  substances  of  a  poisonous  nature.  This  selection  was  influenced 
mainly  by  the  fact  that  the  inhalation  of  dust  predisposes  to  the  development  of 
diseases  of  the  lungs,  especially  of  pulmonary  consumption,  and  by  the  additional 
fact  that  this  danger  can  be  obviated  in  large  part  by  the  observance  of  precau- 
tionary measures. 

That  the  leading  causes  of  death  in  this  and  other  countries  are  diseases  of  the 
longs,  is  too  well  known  to  need  more  than  passing  mention.  The  sanitary 
anthorities  of  all  civilized  countries  view  the  enormous  death-rate  from  con- 
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sumption  with  grave  concern;  and  the  study  of  methods  for  its  reduction  is 
engaging  widespread  attention,  not  alone  of  the  medical  profession,  but  of  think- 
ers in  every  walk  of  life.  That  industrial  conditions  are  largely  responsible  for 
its  spread  has  been  recognized  ever  since  the  beginning  of  the  systematic  study 
of  occupational  hygiene,  more  than  two  centuries  ago ;  and  it  has  long  been 
known  that  the  disease  is  much  more  prevalent  among  the  followers  of  certain 
callings  which  involve  confinement  in  a  dusty  atmosphere  than  among  those  whose 
work  involves  no  such  exposure.  Since  the  discovery  of  the  specific  cause  of  the 
disease  in  1882,  and  the  method  of  its  dissemination  from  the  sick  to  those  who 
are  susceptible,  it  has  become  more  and  more  evident  that,  in  confined  spaces,  the 
presence  of  consumptives  is  a  menace  to  the  health  of  their  associates,  even 
though  the  habit  of  indiscriminate  spitting  be  not  indulged  in.  The  spitting  con- 
sumptive is  naturally  a  far  greater  menace,  since  his  sputum  contains  the  exciting 
cause  of  the  disease  in  great  numbers,  and  when  dried  and  pulverized  it  becomes 
disseminated  in  the  form  of  infectious  dust.  The  inhalation  of  irritating  dusts  of 
various  kinds  leads  to  local  changes  in  the  mucous  surfaces  of  the  respiratory 
tract,  and  thus  enables  the  specific  germ  to  establish  a  foothold  in  the  systems  of 
those  whose  lowered  vitality  has  made  them  susceptible  to  attack.  It  is  obvious, 
therefore,  that  a  due  regard  for  the  health  of  those  exposed  to  industrial  dusts 
demands  that  this  source  of  danger  should  be  reduced  as  much  as  possible  by  the 
application  of  all  reasonable  sanitary  measures.  Students  of  industrial  hygiene 
are  substantially  agreed  on  the  general  proposition  that  there  is  scarcely  a  dan- 
gerous trade  which  cannot  be  made  safe  by  the  exercise  of  extreme  care  and 
attention  to  proper  sanitary  regulations. 

In  the  beginning  of  this  investigation  it  was  hoped  that  valuable  data  might  be 
secured  from  a  study  of  the  records  of  the  State  Sanatorium  at  Rutland.  Ex- 
amination showed,  however,  that  of  a  large  number  of  patients  who  had  followed 
trades  which  commonly  are  classed  as  dangerous  to  health,  no  less  than  46.36 
per  cent,  belonged  to  families  which  had  a  tubercular  history,  one  or  more  mem- 
bers having  died  of  the  disease.  It  is  naturally  impossible  in  these  cases  to 
determine  whether  the  patient  acquired  the  disease  as  an  accident  of  his  calling, 
or  in  consequence  of  daily  contact  with  a  sufferer  at  home. 

A  study  of  the  causes  of  deaths  reported  from  several  of  the  industrial  centres 
to  the  office  of  the  Secretary  of  State  has  yielded  certain  facts  which  have  an 
apparent  value,  and  these  will  be  found  below  in  the  consideration  of  some  of 
the  various  trades  which  have  been  investigated. 

In  the  report  below,  of  observations  made  in  the  various  establishments  visited, 
on  account  of  the  fact  that  time  and  expense  did  not  permit  of  anything  like  an 
investigation  of  the  conditions  obtaining  in  all  of  the  plants  of  each  industry 
within  the  (Commonwealth,  no  names  will  be  given,  and  thus  no  charge  of  invid- 
ious distinction  can  be  laid. 

In  the  investigation  of  the  industries  selected,  some  forty  cities  and  towns  were 
visited  and  more  than  one  hundred  factories  were  examined.  These  included 
cutlery  and  tool  factories,  stone-cutting  establishments,  cigar  factories,  shoe 
factories,  cotton,  woolen  and  silk  mills,  in  all  of  which  industries  the  evolution 
of  dust  is  an  incident  of  greater  or  less  importance ;  rubber  factories,  white  lead 
works  and  lead  pipe  works,  in  all  of  which  the  possibility  of  lead  poisoning  is 
one  of  the  dangers  to  be  considered ;  bakeries,  laundries,  curled-hair  factories, 
straw  shops,  and  miscellaneous  others  of  lesser  importance. 
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The  Cutlery  and  Tool  Industry, 

In  the  manufacture  of  cutlery  and  tools,  the  most  important  of  the  processes 
from  a  hygienic  point  of  view  are  those  of  wet  and  dry  grinding  and  burnishing. 
In  the  operaUon  of  wet  grinding,  each  operative  reduces  to  their  proper  shape 
and  size  a  certain  number  of  pieces  per  day,  using  for  the  purpose  large  grind- 
stones run  by  power.  This  process  being  completed,  the  articles  are  ground 
farther  on  other  finer  stones,  or  **  whitened.^  Next,  they  are  talcen  to  the  dry- 
grinding  room,  where  they  are  farther  subjected  to  the  action  of  emery  and 
corundum  wheels,  and  finally  they  are  polished  on  buffing  wheels.  In  all  of 
these  processes,  even  in  the  wet  grinding,  a  large  amount  of  exceedingly  irritat- 
ing mineral  and  metallic  dust  is  given  off;  and  in  properly  equipped  establish- 
ments provision  is  made  for  its  speedy  removal  by  means  of  hoods  and  exhaust 
fans  or  blowers.  In  five  of  the  fifteen  establishments  visited  there  was  a  proper 
equipment  of  fans  and  but  little  dust ;  in  three,  the  hoods  had  been  partly  or 
wholly  removed,  on  account  of  interference  with  light ;  in  one,  the  fans  were 
mostly  without  hoods  and  the  rest  were  inefficient ;  in  three  there  were  no  fans 
whatever ;  and  in  the  remainder  there  were  fans  which  were  only  partly  efficient. 
In  one  of  the  dry-grinding  rooms  a  consumptive  was  employed,  with  no  precau- 
tions whatever  against  possible  contamination  of  the  air  by  his  dried  expecto- 
rations. 

The  occupation  of  cutlery  grinding  is  Justly  regarded  as  one  of  the  most  danger- 
otts  of  callings.  The  average  age  of  operatives  at  death  is  exceedingly  low,  and  in 
establishments  conducted  without  proper  hygienic  precautions,  sound  men  are 
rare  after  a  few  years^  work.  The  prevailing  cause  of  death  is  consumption, 
which  usually  overtakes  a  susceptible  worker  su  early  that  his  period  of  useful- 
ness does  not  extend  much  beyond  five  or  six  years,  excepting  in  factories  where 
the  health  of  the  workmen  is  properly  safeguarded.  Interviews  with  physicians 
having  large  practice  among  cutlery  employees  bear  out  these  statements.  One 
physician  stated  that  nearly  all  who  reach  the  age  of  forty  die  of  tuberculosis, 
excepting  those  who  succumb  to  some  acute  disease.  Another,  located  in  another 
industrial  centre,  has  noticed  a  falling  off  in  the  incidence  of  the  disease  during 
the  past  ten  years,  due  to  the  better  care  of  the  workmen  and  to  improved  condi- 
tions at  the  factories.  Others  state  that  consumption  is  far  more  common  among 
grinders  than  among  any  other  class  with  whom  they  have  to  deal.  The  death 
returns  for  the  past  five  years  from  Northampton  and  Montague,  two  of  the  most 
important  seats  of  the  cutlery  industry,  offer  some  interesting  facts.  In  North- 
ampton the  death-rate  from  tuberculosis  for  the  entire  male  adult  population  for 
five  3'ears  was  2.9  per  thousand,  while  that  for  the  cutlers  was  no  less  than  11.8 
per  thousand,  or  four  times  as  great.  In  Montague  the  five-year  rates  for  the  two 
cjasses  were,  respectively,  2.6  and  8  per  thousand. 

From  the  investigations  made,  the  conclusion  must  be  drawn  that  in  a  certain 
proportion  of  the  establishments  visited  exceedingly  objectionable  and  injurious 
conditions  obtain,  and  that  these  are  susceptible  of  much  improvement.  The 
operation  of  wet  grinding  is  carried  on  generally  in  basements  and  cellars,  which 
are  damp  and  dark.  In  dry  grinding,  the  wheels  should  be  so  equipped  with 
hoods  and  fans  as  to  prevent  careless  operatives  from  interfering  with  these 
necessary  safeguards. 
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The  Stone-cuUing  and  SUmerpolUhing  Industry, 

Like  the  cutlery  industry,  the  operation  of  cutting  and  polishing  stone  indoors 
is  attended  by  great  risk  to  health.  But  four  establishments  of  this  class  were 
visited,  and  in  all  but  one  there  was  much  dust  in  the  air,  and  a  history  of  con- 
sumption as  a  leading  disease.  In  this  connection,  certain  facts  communicated  by 
the  chief  medical  examiner  of  one  of  the  largest  fraternal  benefit  organizations 
are  of  interest.  He  states  that  the  statistics  of  30,000  deaths  show  that  among  the 
stone  cutters  there  was  1  death  from  consumption  to  2.6  from  all  other  causes, 
while  among  carpenters  the  proportion  was  1  to  10. 

In  this  industry,  as  in  the  preceding,  provisions  for  the  prevenUon  of  a  dusty 
atmosphere  are  called  for. 

The  Tobacco  Industry, 

As  representatives  of  the  tobacco  industry,  4  factories,  employing  from  75  to 
900  men  and  women,  were  visited.  In  the  operation  of  making  cigars  a  great 
deal  of  dust  arises,  and  in  the  three  largest  establishments  visited  the  atmosphere 
was  exceedingly  bad  from  this  cause  and  from  overcrowding.  In  all  three  the 
sanitary  arrangements  were  in  most  unsatisfactory  condition.  The  habit  of  indis- 
criminate spitting  was  general,  and  it  was  noticed  that  many  of  the  cigarmakers 
completed  each  cigar  with  the  aid  of  saliva.  The  possibility  of  disseminating 
loathsome  diseases  through  this  practice  needs  no  extended  discussion.  Perhaps  it 
would  be  fair  to  say  that  it  is  uncertain  how  long  the  germs  of  certain  diseases 
which  might  appear  to  be  transmissible  in  this  manner  may  retain  their  vitality 
in  contact  with  moist  tobacco,  but  the  idea  is  sufficiently  revolting  on  sosthetic 
grounds  alone.  An  objectionable  practice,  which  obtains  very  generally  and 
which  should  be  the  subject  of  some  regulation,  is  the  sale  of  sweepings.  In  the 
operation  of  making  cigars  considerable  tobacco  in  larger  or  smaller  pieces  falls 
to  the  floor.  At  intervals  these  are  swept  up,  sifted,  and  sold  as  fillings  for 
cheaper  cigars.  Where  the  habit  of  promiscuous  spitting  prevails,  the  tobacoo 
thus  recovered  is  likely  to  be  contaminated  to  some  extent  with  disease  organisms 
which  may  exist  in  the  secretions  of  the  mouth. 

In  one  smaller  factory  in  the  western  part  of  the  State  the  atmosphere  was 
kept  pure  by  means  of  mechanical  ventilating  appliances.  There  was  no  spitting, 
and  the  ends  of  the  cigars  were  finished  with  the  aid  of  gum  tragacanth  rather 
than  with  the  workmen^s  saliva. 

The  Boat  and  Shoe  Industry, 

In  investigating  the  boot  and  shoe  industry,  SO  diflferent  establishments  of 
various  sizes,  located  in  8  diflferent  cities  and  towns,  were  visited.  The  number 
of  operatives  in  these  establishments  varied  between  75  and  8,000.  Nearly  all 
of  them  were  provided  to  some  extent  with  blowers  or  exhaust  fans  for  mechan- 
ical ventilation,  but  in  many  instances  the  apparatus  was  inadequate  for  the  needs 
of  the  establishment.  In  most  of  them  the  sanitary  provisions  were  fair;  in 
some  the  closets  were  unexceptional ;  in  some  they  were  unpardonably  foul. 

In  certain  processes  connected  with  the  manufacture  of  shoes  there  is  evolution 
of  considerable  dust ;  and  this  industry,  therefore,  may  fairly  be  classed  among 
the  dusty  trades. 

A  study  of  the  returns  of  the  causes  of  death  from  the  cities  of  Lynn  and 
Brockton  during  three  years  gives  certain  results  which  are  in  themselves  of 
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some  interest  as  indicating  the  disease  tendency  of  those  engaged  in  shoe  fac- 
tories, and  of  still  more  interest  for  the  purpose  of  comparison  with  similar 
retams  from  other  cities  where  different  industries  are  followed. 

In  the  dty  of  Brockton,  of  167  deaths  occurring  among  shoemakers,  42,  or  25 
per  cent,  of  the  whole,  were  due  to  pulmonary  consumption ;  and  of  this  number 
the  proportion  of  those  dying  below  the  age  of  thirty  years  was  86  per  cent. 
There  were  61  deaths  from  consumption  plus  other  diseases  of  the  lungs,  or  86.6 
per  cent,  of  the  entire  mortality. 

In  Lynn,  during  the  same  three  years,  of  297  deaths  among  shoemakers,  65,  or 
22  per  cent.,  were  due  to  consumption ;  and  95,  or  32  per  cent.,  were  due  to  con- 
sumption plus  other  lung  diseases.  More  than  one-half  (55.4  per  cent)  of  those 
who  died  from  consumption  had  not  yet  attained  their  thirtieth  year. 

There  was  one  condition  which  was  very  noticeable  in  a  large  proportion  of 
the  shoe  factories  visited,  but  by  no  means  peculiar  to  this  line  of  industry,  and 
that  was  the  habit  of  indiscriminate  spitting.  In  some  instances  spittoons  were 
pTOTided,and  these  appeared  to  diminish  the  habit  of  spitting  carelessly  upon  the 
floors ;  in  some,  spitting  is  f drbidden ;  in  others,  it  is  not  forbidden  and  spittoons 
are  not  supplied.  In  some  of  the  larger  establishments  everything  that  can  be 
provided  for  the  health,  comfort  and  happiness  of  the  employees  may  be  found ; 
but  in  others  there  is  room  for  very  marked  improvement. 

The  Paper  Industry. 

Nine  establishments,  engaged  chiefly  in  the  manufacture  of  writing  paper  and 
other  papers  of  high  quality,  were  visited.  The  operatives  engaged  in  certain 
of  the  processes  of  paper  making  are  exposed  to  considerable  dust  from  rags 
used  in  the  manufacture ;  those  engaged  in  other  departments  are  exposed  more 
or  less  to  wet ;  and  those  in  still  others  are  exposed  to  no  industrial  dangers 
whatever.  The  most  important  department  of  such  a  mill,  from  a  sanitary  stand- 
point, is  the  rag-sorting  room.  In  most  of  the  mills  visited,  provision  exists  for 
canying  away,  by  mechanical  ventilation,  the  dust  arising  from  the  handling  of 
the  rags ;  in  some,  no  provision  whatever  is  made.  On  account  of  the  nature  of 
the  raw  material,  it  is  generally  thought  that  there  is  some  risk  of  infection 
of  those  who  handle  the  rags,  and  smallpox  is  everywhere  looked  upon  as  one  of 
the  most  important  possible  dangers  of  the  paper  industry.  It  would  appear, 
however,  from  facts  obtainable,  that  cases  of  infection  traceable  to  the  handling 
of  rags  are  not  common.  In  some  of  the  establishments,  it  is  said,  the  rag  sorters 
are  seldom  sick.  In  the  establishments  visited,  the  operatives  had  generally  the 
appearance  of  health  and  strength.  Whether  the  danger  from  smallpox  is  real 
or  imaginary,  there  is  already  legislation  which  is  pertinent ;  for  section  138  of 
chapter  75  of  the  Revised  Laws  empowers  local  boards  of  health  to  compel  the 
authorities  of  any  factory  to  cause  all  of  the  workmen  to  be  vaccinated.  In  cer* 
tain  of  the  establishments  not  only  is  no  attention  paid  to  causing  the  employees 
to  be  so  protected,  but  those  seeking  employment  are  not  asked  if  they  ever  have 
been  vaccinated. 

In  the  various  paper  mills  visited,  the  habit  of  indiscriminate  spitting  was  ob- 
served. The  water-closets  were,  in  the  main,  of  the  proper  sort,  and  reasonably 
well  looked  after;  the  machinery  was  found  to  be  well  protected.  In  two  rag- 
sorting  rooms  the  atmosphere  was  exceedingly  dusty,  in  spite  of  the  presence  of 
twenty-foar-inch  fans  in  active  operation. 
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The  Textile  Industry, 

The  leading  indoor  occupation,  that  is  to  sa3%  the  one  in  which  the  largest 
number  of  persons  is  employed  in  factories  in  this  Commonwealth,  is  the  textile 
industry  in  its  vai'ious  branches.  The  proper  investigation  of  so  important  an  in- 
dustry would  require  much  more  time  and  a  much  larger  appropriation  than  were 
allowed  for  this  entire  inquiry. 

It  is  a  well-known  fact  that  the  dust  arising  in  the  various  lines  of  textile  work 
is  exceedingly  irritating  to  the  respiratory  passages,  and  that  tuberculosis  finds  an 
enormous  number  of  victims  among  the  operatives.  It  is,  however,  a  fact,  which 
must  not  be  slighted,  that  these  industries  are  among  the  few  that  are  open  to 
persons  of  weak  constitution  and  poor  development.  The  work  in  the  picking- 
room,  carding-room,  spinning-room  and  weaving-room  is  not  of  a  kind  that  ap- 
peals to  most  vigorous  men,  who  can  do  better,  financially  and  otherwise,  in  other 
lines  of  usefulness. 

A  few  establishments  were  visited,  but  our  observations  were  not  sufficient  to 
warrant  description  or  advice  in  regard  to  this  important  field  of  work.  '  That 
careful  study  should  be  given  to  this  industry  is  indicated  by  the  following  results 
of  the  study  of  the  mortality  due  to  consumption  and  other  lung  diseases  among 
operatives  in  three  mill  towns.  In  one,  no  less  than  86.5  per  cent,  of  the  opera- 
tives whose  deaths  were  reported  died  from  pulmonary  consumption,  and  50  per 
cent,  died  of  consumption  and  other  lung  diseases.  Nearly  50  per  cent,  of  those 
who  died  from  consumption  were  less  than  thirty  years  of  age  at  the  time  of  death. 

In  another,  28.7  per  cent,  of  the  decedent  operatives  died  of  consumption,  and 
S5  per  cent.,  of  consumption  plus  other  lung  diseases ;  and  of  those  dying  of  con- 
sumption, no  less  than  67.3  per  cent,  were  less  than  thirty  years  of  age. 

In  a  third,  26.3  per  cent,  of  the  deaths  among  operatives  were  duo  to  consump- 
tion, and  44  per  cent.,  to  consumption  plus  other  lung  diseases ;  and  of  those  who 
died  of  consumption,  no  less  than  52  per  cent,  were  under  thirt}'  years  of  age. 

The  Rubber  Industry. 

In  this  industry  we  have  to  deal  both  with  dust,  some  of  which  is  both  irritating 
and  poisonous,  and  with  noxious  fumes.  The  most  important  dust  is  a  compound 
of  lead,  against  the  inhalation  of  which  respirators  are  commonly  provided,  and 
almost  as  commonly  refused.  Of  the  vapors  which  are  given  off  in  the  varioas 
processes,  some  are  nauseous  but  not  directly  harmful,  and  others,  as  naphtha  and 
carbon  disulphide  fumes,  exert  an  undoubted  injurious  influence  on  the  neiTOus 
system.  In  one  of  the  three  large  establishments  visited  there  was  much  pro- 
miscuous spitting  about  the  floors  and  into  the  waste  products ;  in  two  there  was 
no  provision  for  ventilation  except  by  the  windows,  although  in  one  of  these  the 
room  in  which  the  lead  compound  was  mixed  with  the  other  ingredients  was  ven- 
tilated by  means  of  a  blower.  In  one  mill,  which  was  conducted  with  proper 
regard  for  hygienic  conditions,  there  was  a  history  of  cases  of  chronic  lead  poison- 
ing ;  but  in  the  others,  one  of  which  was  far  from  sanitary  in  its  general  condi- 
tion, no  such  evidence  could  be  secured  from  those  in  charge. 

The  Lead  Industry, 

In  the  manufacture  of  white  lead,  lead  pipe  and  sheet  lead,  the  particular  danger 
is  that  of  chronic  lead  poisoning,  due  to  the  inhalation  of  dust  and  to  the  oonvey- 
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ance  of  lead  from  the  unwashed  hands  into  the  digestive  system,  largely  throagh 
handling  of  food  materials.  Respirators  and  fan  ventilation,  and  the  observance 
of  personal  cleanliness,  play  a  great  part  in  redacing  this  danger.  In  one  of  the 
principal  white  lead  factories,  where  about  llO  men  are  employed,  ventilation  by 
blowers  was  observed  to  reduce  the  dust  to  a  minimum.  Respirators  are  pro- 
vided, bat  the  workmen  will  not  use  them.  Occasional  cases  of  lead  poisoning 
are  observed,  but  they  can  truly  be  attributed  to  the  negligence  of  the  victims 
themselves.  In  the  other  establishments  visited,  the  hygienic  conditions  were 
good,  but  the  employees  were  in  great  part  careless  as  to  especial  danger  to 
their  health.  Incident  to  this  occupation. 

Other  Industries. 

Of  the  remaining  lines  of  industry  investigated,  the  number  of  establishmenta 
visited  and  available  for  examination  proved  to  be  so  limited  in  number  that  de- 
ductions drawn  from  what  was  observed  might  not  be  warranted  in  the  light  of 
farther  investigation,  and  hence  might  be  misleading ;  consequently,  it  seems  best 
not  to  attempt  to  make  present  use  of  the  facts  observed. 

Existing  Legislation, 

Most  of  the  defects  to  which  attention  has  been  called  are  provided  for  already 
in  existing  laws ;  but  it  is  to  be  said  that  these  provisions  are  more  or  less  scat- 
tered, and  that  in  many  instances  the  phraseology  is  so  loose  or  obscure  that  they 
have  little  or  no  real  value.  For  example,  section  41  of  chapter  104  of  the  Revised 
Laws,  after  providing  for  guarding  belting,  shafting,  gearing  and  drums,  disposes 
of  the  important  subject  of  ventilation  in  the  following  words,  '*  All  factories 
shall  be  well  ventilated  and  kept  clean,"  but  does  not  provide  any  standard  by 
which  the  adequacy  of  the  ventilation  shall  be  measured.  Section  51  of  chapter 
106  would  appear  to  go  somewhat  farther,  but  It  requires  no  extended  examina- 
tion to  reveal  its  defects.  It  provides  as  follows :  *'  A  factory  in  which  five  or 
more  persons  and  a  workshop  in  which  five  or  more  women  or  young  persons  are 
employed  shall,  while  work  is  carried  on  therein,  be  so  ventilated  that  the  air  shall 
not  become  so  impure  as  to  be  injurious  to  the  health  of  the  persons  employed 
therein,  and  so  that  all  gases,  vapors,  dust  or  other  impurities  injurious  to  health, 
which  are  generated  in  the  course  of  the  manufacturing  process  or  handicraft 
carried  on  therein  shall,  so  far  as  practicable,  be  rendered  harmless ; "  but  it  stip- 
ulates nothing  as  to  the  processes  which  shall  be  followed  in  rendering  these  gases, 
vapors  and  other  Injurious  impurities  harmless,  and  it  fails  ^o  establish  a  limit  of 
permissible  impurity,  below  which  the  air  shall  be  regarded  as  possessing  no 
deleterious  properties.  The  next  section  of  the  same  chapter  reads  as  follows : 
"  If,  in  a  workshop  or  factory  which  is  within  the  provisions  of  the  preceding  sec- 
tion, any  process  is  carried  on  by  which  dust  is  caused  which  may  be  inhaled  to 
an  injurious  extent  by  the  persons  employed  therein,  and  it  appears  to  an  inspector 
of  factories  and  public  buildings  that  such  inhalation  would  be  substantially  di- 
minished without  unreasonable  expense  by  the  use  of  a  fan  or  by  other  mechanical 
means,  such  fan  or  other  mechanical  means,  if  he  so  directs,  shall  be  provided, 
maintained  and  used.*'  In  this  section  there  is  nothing  to  indicate  who  shall  be 
the jwigeof  whether  the  dust  is  inhaled  to  an  Injurious  extent;  and,  even  though 
it  be  determined  that  the  dust  is  so  inhaled,  there  is  no  provision  for  mitigating 
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the  condition,  unless  it  shall  appear  that  the  danger  may  be  substantially  di- 
minished without  unreasonable  expense. 

In  its  desire  to  safeguard  the  health  of  women  and  young  persons  employed  in 
factories  and  woritshops,  the  Legislature  has  provided  for  a  proper  interval  for  a 
midday  meal ;  but  a  number  of  different  industries  are  exempt  from  this  require- 
ment, as  is  shown  below.  Sections  37  and  38  of  chapter  106,  Revised  Laws,  read 
as  follows:  **  Section  37.  No  woman  or  young  person  shall  be  employed  for 
more  than  six  hours  at  one  time  in  a  factory  or  workshop  in  which  five  or  more 
such  persons  are  employed  without  an  interval  of  at  least  half  an  hour  for  a  meal ; 
but  such  person  may  be  so  employed  for  not  more  than  six  and  one-half  hours  at 
one  time  if  such  employment  ends  not  later  than  one  o'clock  in  the  afternoon  and 
if  he  or  she  is  then  dismissed  from  the  factory  or  workshop  for  the  remainder  of 
the  day ;  or  for  not  more  than  seven  and  one-half  hours  at  one  time  if  he  or  t»he  is 
allowed  sufficient  opportunity  for  eating  a  lunch  during  the  continuance  of  such 
employment  and  if  such  employment  ends  not  later  than  two  o^clock  in  the  after- 
noon and  he  or  she  is  then  dismissed  from  the  factory  or  workshop  for  the  remain- 
der of  the  day. 

"  Section  38.  The  provisions  of  the  two  preceding  sections  shall  not  apply  to 
iron  works,  glass  works,  paper  mills,  letter  press  establishments,  print  works, 
bleaching  works  or  dyeing  works ;  and  the  chief  of  the  district  police,  if  it  is 
proved  to  his  satisfaction  that  in  any  other  class  of  factories  or  workshops  it  is 
necessary,  by  reason  of  the  continuous  nature  of  the  processes  or  of  special  cir» 
cumstances  affecting  such  class,  to  exempt  it  from  the  provisions  of  the  two  pre- 
ceding sections  and  that  such  exemption  can  be  made  without  injury  to  the  health 
of  the  women  or  young  persons  affected  thereby,  may,  with  the  approval  of  the 
governor,  issue  a  certificate  granting  such  exemption,  public  notice  whereof  shall, 
without  expense  to  the  commonwealth,  be  given  in  the  manner  directed  by  said 
chief  " 

Section  39  of  the  same  chapter  practically  nullifies  the  provision,  so  far  as  the 
factories  not  specially  exempted  are  concerned,  since,  if  the  person  for  whose 
benefit  the  provision  is  made  chooses  to  work  during  the  interval  allowed  for  rest 
and  food,  she  may  do  so,  if  a  notice  is  posted  forbidding  her  to  work,  and  if  she 
does  so  without  the  order,  consent  or  knowledge  of  the  employer  or  his  agent,  as 
will  be  seen:  "Section  39.  If  a  minor  under  the  age  of  eighteen  years  or  a 
woman  shall,  without  the  orders,  consent  or  knowledge  of  the  employer  or  if  a 
superintendent,  overseer  or  other  agent  of  the  employer,  labor  in  a  manufactur- 
ing or  mechanical  establishment,  factory  or  workshop,  according  to  the  notice 
required  by  section  twenty-four,  and  if  a  copy  of  such  notice  was  posted  in  a 
conspicuous  place  in  the  room  where  such  labor  was  performed  with  a  rule  of 
the  establishment,  factory  or  workshop  forbidding  such  minor  or  woman  to  labor 
during  such  time,  then  neither  the  employer  nor  a  superintendent,  overseer  or 
other  agent  of  the  employer  shall  be  held  responsible  for  such  labor.'^  In  many 
of  the  establishments  visited  it  was  observed  that  those  engaged  in  piece-work 
gave  the  shortest  possible  time  to  their  midday  meal,  and  took  no  time  for  rest 
or  for  a  change  of  air,  but  returned  as  soon  as  possible  to  their  labor.  It  is  a 
matter  of  common  knowledge  that  young  persons,  especially,  suffer  injury  to 
health  from  unbroken  confinement  indoors  and  from  hasty  bolting  of  food.  It 
would  seem  as  though  it  might  be  a  wise  provision  not  only  to  provide  that 
working  people  shall  have  a  reasonable  interval  for  rest  and  food,  but  that  they 
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shall  be  preyented  by  something  more  than  posted  regulations,  which  they  may 
Yiolate  with  impunity,  from  returning  to  work  until  the  expiration  of  the  interval. 
While  the  condition  of  the  closets  in  many  of  the  factories  was  found  not  to  l>e 
up  to  the  standard  which  seems  proper,  it  must  be  said  that  they  were  no  worse 
than  would  probably  be  found  in  an  examination  of  dwellings  and  business 
houses  of  all  sorts.    However  that  may  be,  the  matter  is  already  placed  under 
the  supervision  and  control  of  the  district  police  by  section  8  of  chapter  108  of 
the  Revised  Laws,  which  requires  the  members  of  the  inspection  department 
of  the  district  police  to  enforce  all  provisions  of  the  laws  relating  to  sanitary 
conditions  of  ketones ;  and  section  49  of  chapter  106  empowers  the  inspectors 
of  factories  to  bring  to  the  notice  of  local  boards  of  health  any  unsanitary  con- 
dition of  the  water-closets,  water  supply,  or  any  nuisance;  and  such  boards  are 
required  to  inquire  into  the  subject  and  to  enforce  the  laws  relative  thereto. 

BeeommendcUions, 

In  each  of  the  industries  which  the  Board  has  reported  upon,  namely,  cutlery 
grinding,  stone  cutting  and  stone  polishing,  cigar  making,  boot  and  shoe  mailing, 
rag  sorting,  the  rubber  industry  and  the  lead  industry,  one  or  more  establish- 
ments were  found  in  which  the  proprietors  had  made  reasonable  provision  for 
protecting  the  health  of  the  operatives,  while  in  others  very  little  care  was  taken 
for  their  protection.  We  would  recommend  that  it  be  the  duty  of  the  inspection 
department  of  the  district  police  to  require,  so  far  as  is  reasonably  practicable 
under  the  varying  circumstances,  as  efficient  protection  to  the  health  of  the  opera- 
tives in  any  occupation  as  is  provided  in  that  occupation  where,  within  the  Com- 
monwealth, such  protection  is  most  efficient. 

The  desirability  of  a  codification  of  all  laws  relating  to  industrial  pursuits  and 
to  sanitation  of  factories  and  workshops  after  the  manner  of  the  British  factory 
acts,  of  a  more  explicit  phraseology,  of  the  establishment  of  standards  of  ventila- 
tion efficiency,  and  of  the  enactment  of  some  measure  against  spitting  upon  the 
floors  of  factories,  workshops  and  other  confined  spaces,  is  respectfully  suggested. 

RouTiKB  Work  of  the  Board. 

Statistical  Table  for  the  Year  ended  Sept.  30,  1904. 

Whole  number  of  samples  of  food  and  drugs  examined  during  the  year,  8,651 

Samples  of  milk  examined  (included  in  the  foregoing),  ....  4,997 
Whole  number  of  samples  of  food  and  drugs  examined  since  beginning 

of  work  in  1883, 157,866 

Whole  number  of  samples  of  milk  examined  since  beginning  of  work  in 

1888 87,304 

Number  of  prosecutions  against  ofifenders  during  the  year,       ...  62 

Number  of  convictions  during  the  year, 57 

Amount  of  fines  imposed  during  the  year, tl,509 

Number  of  packages  of  antitoxin  of  1,500  units  each  issued  to  cities  and 

towns,* 28,255 

Number  of  bacterial  cultures  made  for  the  diagnosis  of  diphtheria  in 

cities  and  towns,* 1,014 


*  For  the  six  monilu  ended  Sept.  80, 1904. 
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Number  of  examinations  made  for  diagnosis  of  tuberculosis/  494 

Number  of  examinations  of  blood  made  for  diagnosis  of  malarial  infec- 
tion,*           84 

Number  of  examinations  of  blood  made  for  the  diagnosis  of  typhoid 
fever,* 204 

Number  of  notices  of  cases  of  infectious  diseases  received  and  recorded 
under  the  provisions  of  chapter  75,  section  52,  Revised  Laws,t     •        •     26.088 

Number  of  postal-card  returns  of  mortality  for  cities  and  towns  received 
and  recorded,! 2.111 

Number  of  annual  reports  of  cities  and  towns  received  under  the  pro- 
visions of  chapter  75,  section  12,  Revised  Laws.f^  ....  95 

Force  employed  in  general  work  of  Board  at  central  office,  State 
House :  — 

Secretary, 1 

Medical  inspector 1 

Clerks, 3 


Total, 


Total, 


Total, 


5 


Force  employed  at  central  office.  State  House,  Boston,  for  food  and  drug 

inspection,  chemists  and  assistants, 2 

At  Amherst, ...        - 1 

Inspectors, S 


6 


Force  employed  at  laboratory  (Bussey  Institution)  :  — 

Pathologist, 1 

Assistants, 6 


7 


Under  the  Provisions  op  Chapter  375,  Acts  of  1888. 

Applications  for  advice  from  cities,  towns  and  others :  ^— 

Relating  to  water  supply, 74 

Relating  to  ice  supply, 12 

Relating  to  sewenige  and  drainage, SO 

Relating  to  pollution  of  streams, 6 

Miscellaneous, 3 

Total 126 

Number  of  samples  of  water.  Ice  and  sewage  examined  chemically  and 
microscopically  at  the  laboratory.  Room  502,  State  House,    .        .        .       4,058 

Number  of  samples  of  sewage,  water  and  ice  examined  chemically  and 
bacterially  at  the  Lawrence  Experiment  Station, 2,179 

*  For  the  six  months  ended  Sept.  80, 1904.  f  For  the  calendar  year  1804. 

X  Cities  and  towns  having  a  population  of  more  than  5,000  In  each. 
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Namber  of  samples  of  sand  examined  chemically  at  the  Lawrence 
Experiment  Station, 278 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 
Experiment  Station, 134 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 
Station, 6,060 

Samples  of  water,  ice,  etc.,  examined  for  B.  ooli  and  sewage  Strepto- 
coccus at  the  Lawrence  Experiment  Station, 4,065. 

Namber  of  shellfish  examined  for  B.  coli  and  sewage  Streptococcus,  968 


Total  number  of  samples  examined, 16,742 

Force  employed  at  central  office :  — 

Chief  engineer, 1 

Assistant  engineers, 7 

Stenographers  and  clerks, 3 

Messenger, 1 


At  laboratory.  Room  502,  State  House :  — 

Chemist, 

Assistant  chemists. 

Biologist, 

Stenographer,        .... 


—  12 

1 
5 
1 

1 

—  8 


At  Lawrence  Experiment  Station :  — 

Assistant  chemists, 2 

Bacteriologists, 2 

Other  assistants  and  laborers, 3 


—      7 


Total  ordinary  force. 


27 


The  namber  of  applicatioos  for  advice  under  the  provisions  of  the  acts 
relating  to  water  supply  and  sewerage,  received  since  July,  1886,  when 
these  acts  first  went  into  operation,  is  as  follows :  — 


1886, 

.      8 

1897, 

1887, 

.    22 

1898, 

1888, 

.    28 

1899, 

1889, 

.    38 

1900, 

1890, 

.    23 

1901, 

1891, 

.    53 

1902, 

1892, 

.    56 

1903, 

1893, 

.    51 

1904, 

1894, 

.    53 

1895,        . 

.    52 

1 

1896, 

.    65 

Total, 


.  59 
.  75 
.  79 
.  104 
.  105 
.  93 
.  129 
.  125 

1,218 
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ApPROPM  ATION8 . 

The  appropriations  for  the  year  1904,  as  recommended  by  the  Board  in 
the  annual  estimates  made  under  the  provisions  of  chapter  6,  section  26, 
of  the  Revised  Laws,  were  as  follows :  — 

For  the  general  expenses  of  the  Board, 123,000 

For  the  inspection  of  food  and  drugs, 12,500' 

For  the  production  and  distribution  of  antitoxin  and  vaccine,  8,000 

For  the  purity  of  inland  waters, 34,000 

For  the  examination  of  sewer  outlets  and  Neponset  River,   .        .        .  7,500 

For  printing  the  annual  report, 4,000 

Total, $89,000 

Expenditures. 

The  expenditures  in  1904  under  the  different  appropriations  were  as 
follows :  — 

Appropriation  for  general  expenses  of  Board, $23,000  00 

General  Eaipenditures,  Sept,  30, 1903,  to  Sept,  30, 1904. 

Salaries $10,290  01 

Travelling  expenses, 662  13 

Stationery, 376  75 

Printing 2,119  14 

Books,  subscriptions  and  binding, 393  60 

Advertising, 11  65 

Express  charges, 282  29 

Extra  services, 227  94 

Messenger, 16  20 

Postage  and  postal  orders, 189  64 

Telephone  and  telegraph  messages, 92  52 

Typewriter  supplies, 3  75 

Special  investigations, 56  55 

Sundry  office  supplies  and  incidental  expenses,  664  59 

Laboratory  supplies, 1,108  91 

Labor, 14  25 

$16,509  92 

Expenditures  ai  Pathological  Laboratory  at  Forest  Hills  for   Three 
Months  (Sept.  30, 1903,  to  Dec,  31, 1903). 

Salaries, $943  39 

Purchase  of  animals, 249  20 

Board  of  horses, 411  85 

Shoeing  horses, 1  00 

Food  for  animals, 44  64 

Amounts  carried  forward, $1,650  08  $16,509  92 
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Amounts  brought  forward, $1,650  08  •16,509  92 

• 

Apparatas,  chemicals  and  laboratory  furnishings  and  sup- 
plies,       2,821  18 

Rental  of  telephone, 42  00 

£xtra  services, 10  00 

Travelling  expenses, 4  SO 

£zpress  charges, 18  07 

Postage, 62 

Printing 9  61 

Labor, 17  64 

4,078  40 

Total f20,688  82 

ExpendUurts  far  the  Production  and  Distribution  of  Antitoxin  and  Vaccine  for  the 

Nine  Months,  Jan,  i,  1904,  to  Sept,  30, 1904, 

Appropriation  for  the  calendar  year  1904, f  8,000  00 

Salaries $2,488  84 

Purchase  of  animals, 179  90 

Board  of  horses, 1,228  16 

Food  for  animals, .        .        .  100  68 

Apparatus,  chemicals  and  laboratory  supplies, 1,854  24 

Ice 28  71 

Stationery, 16  78 

Rental  of  telephone  and  messages, 80  25 

Services  of  veterinary  surgeon, 12  00 

Express  charges, 129  48 

Labor, 152  92 

Extra  services, 46  00 

Printing, 60  87 

Total. 15,868  28 

Under  the  Provisions  of  the  Food  and  Drug  Ads  during  the  Year  ended 

Sept.  30, 1904. 
Appropriation, f  12,500  00 

Salaries  of  analysts, $5,000  00 

Salaries  of  inspectors, 4,280  00 

Travelling  expenses  and  purchase  of  samples, 1,935  13 

Apparatus  and  chemicals, 452  68 

Printing 39  02 

Services  (cleaning  laboratory), 106  00 

Express  and  postage, 10  83 

Sundry  laboratory  supplies, 98  25 

Books  and  maps, 97  30 

Extra  Rcrvices  (stenographer), 29  15 

Typewriting  supplies, 21  25 

Total $12,069  11 
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'  Appropriation. 

For  carrying  out  the  provisions  of  the  act  to  protect  the  purity  of 
inland  waters,  and  to  require  consultation  with  the  State  Board  of 
Health  regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage, $34,000  00 

Salaries,  including  wages  of   laborers   at  Lawrence  Experiment 

Station 125,681  55 

Apparatus  and  materials 8,110  06 

Rent  of  Lawrence  Experiment  Station, 150  00 

Use  of  tools  and  office,  Lawrence  Experiment  Station,       .        .        .  278  10 

Travelling  expenses, 1,931  37 

Express  charges, 982  84 

Books,  book  binding,  stationery  and  drawing  materials,    .        .  496  83 

Maps  and  blue  prints, 194  43 

Telephone  and  telegraph  messages  and  postage,        ....  60  22 

Typewriter  and  typewriting  supplies, 235  58 

Printing, 340  06 

Miscellaneous, 526  42 

Total 133,987  46 

The  foregoing  statement  of  expenses  under  the  act  to  protect  the  purity 
of  inland  waters  refers  to  the  calendar  year  1904. 

Appropriation, 

For  the  examination  of  sewer  outlets,  under  the  provisions  of  section 
4  of  chapter  75  of  the  Revised  Laws, t7,50O  00 

Salaries, 14,474  60 

Apparatus  and  materials, 1,329  00 

Travelling  expenses, 1,256  20 

Stationery, 1  38 

Maps, 11  90 

Telephone  messages, 3  20 

Services,  reading  gauges  and  collecting  samples,       ....  414  31 

Express  charges, 1  95 

Total. 17,492  54 

HENRY  P.   WALCOTT. 
JAMES   W,   HULL. 
CHARLES   H.   PORTER. 
JULIAN   A.   MEAD. 
HIRAM   F.   MILLS. 
JOHN  W.   BARTOL. 
GERARD   C.   TOBEY. 


Water  Supply  and  Sewerage. 


ADVICE  TO  CITIES  AND  TOWNS. 
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ADVICE  TO  CITIES  AND  TOWNS. 


Under  the  proyisions  of  the  Revised  Laws  (chapter  75,  section  117),  the 
State  Board  of  Health  is  reqaired  to 

consalt  with  and  advise  the  authorities  of  cities  and  towns  and  persons  having,  or 
abont  to  have,  systems  of  water  snpply,  drainage  or  sewerage  as  to  the  most 
appropriate  source  of  water  supply,  and  the  best  method  of  assuring  its  purity  or 
as  to  the  best  method  of  disposing  of  their  drainage  or  sewage  with  reference  to 
the  existing  and  future  needs  of  other  cities,  towns  or  persons  which  may  be 
affected  thereby.  It  shall  also  consult  with  and  advise  persons  engaged  or  in- 
tending to  engage  in  any  manufacturing  or  other  business  whose  drainage  or 
sewage  may  tend  to  pollute  any  inland  water  as  to  the  best  method  of  preventing 
such  pollution,  and  it  may  conduct  experiments  to  determine  the  best  methods  of 
ttie  purification  or  disposal  of  drainage  or  sewage.  No  person  shall  be  required 
to  bear  the  expense  of  such  consultation,  advice  or  experiments.  Cities,  towns 
and  persons  shall  submit  to  said  board  for  its  advice  their  proposed  system  of 
water  supply  or  of  the  disposal  of  drainage  or  sewage,  and  all  petitions  to  the 
general  court  for  authority  to  introduce  a  system  of  water  supply,  drainage  or 
sewerage  shall  be  accompanied  by  a  copy  of  the  recommendation  and  advice  of 
said  board  thereon. 

During  the  year  1904  the  Board  has  given  its  advice  to  the  following 
cities,  towns  and  persons  who  have  applied  for  such  advice  under  the 
provisions  of  this  act  or  under  special  acts  relating  to  water  supply  and 
sewerage. 

Official  commanications  were  made  during  the  year  under  the  provisions 
of  acts  relating  to  water  supply  and  to  sources  of  ice  supply,  as  follows :  — 


Water 

Ashfield. 
Attleborongh. 

Attleborongh  (town  farm)  (two). 
Attleborongh    (Watson-Newell    Com- 
pany). 
Barnstable  and  Yarmouth. 
Barre  (Stetson  Home). 
Boston  (spring  at  Jamaica  Park). 
Colrain. 
Dalton. 
Dartmouth  (Bay  View). 


Supply. 

Easthampton. 

Easton. 

Gloucester  (Y.  M.  C.  A.). 

Gloucester  (Russia  Cement  Company) . 

Great  Barrington  (three). 

Greenfield  (two). 

Hadley. 

Hardwick  (Gilbertville). 

Harvard. 

Haverhill. 

Holland. 
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Ho]  yoke. 

Holyoke  (Holyoke  Valve  and  Hydrant 
Company) . 

Holyoke  (Whitmore  Manufactaring 
Company). 

Hull. 

Ipswich. 

Lawrence  (three). 

Lawrence  (well  at  City  Hall). 

Lawrence  (Briggs  &  Allyn  Manufac- 
turing Company). 

Lenox. 

Lenox  (New  York,  New  Haven  and 
Hartford  Railroad  Company). 

Longmeadow. 

Maynard  (two). 

Menimac. 

Millbury  (E.  G.  Howe). 

Milton  (Houghton  school). 

Milton  (Leopold  Morse  Home). 

Northampton. 

iNorth  Attleborough  (two). 

J^orthborough  (almshouse). 


Peabody. 

Peabody  (Frank  T.  Moore). 

Plymouth  (two). 

Randolph  and  Holbrook. 

Shelburne. 

Shrewsbur}'. 

Somerville  (M.  W.  Carr  &  Co.). 

Springfield  (four). 

Springfield  (springs). 

Stockbridge. 

Uxbridge  (three). 

Wakefield. 

Waltham. 

Waltham  (Alden  Clark). 

Wellesley  (VVellesley  College)  (two). 

Westford. 

Weston  (cemetery  near  source  of  water 

supply  of  Cambridge). 
West  Springfield. 
Woburn  (W.  W.  Cummiugs). 
Worcester. 
Wrentham. 


Chicopee. 

Everett. 

Falmouth. 

Hard  wick  (Wheelwright). 

Holyoke. 

Littleton. 


Ice  Supply. 

Milton. 

Nantucket. 

Palmer  (Three  Rivers). 

Quincy. 

Westport. 


OflScial  communications  were  made  during  the  year  under  general  and 
special  acts  relating  to  sewerage  and  sewage  disposal,  as  follows :  — 


Brockton. 

Falrhaven. 

Falmouth. 

Grafton  (Colony  for  Insane) . 

Great  Barrington. 

Haverhill  (two). 

Holyoke. 

Hubbardston. 

Lenox  (two). 

Leominster. 

Manchester. 

Marblehead. 

Northampton  (two). 


Norwood. 

Norwood  ( Winslow  Bros.  &  Smith  Com- 
pany) (two). 

Pittsfield. 

Rockland. 

Rutland  (Industrial  Camp  for  Prison- 
ers). 

Salem  (two). 

Southborough  (Deerfoot  Farm  Com- 
pany). 

South  Hadley. 

Wakefield. 

West  Springfield. 
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Replies  were  also  made  in  answer  to  applications  for  advice  relative  to 
the  pollation  of  ponds,  streams  and  other  bodies  of  water,  as  follows :  — 


Canton  (Neponset  Woolen  Mills). 

Leicester. 

New  Bedford. 

Plymouth. 

Quincy, 

Swampscott. 


Wellesley, 

Winchester. 

Woburn. 

Worcester. 

Worcester  (Worcester  Insane  Hospital) . 


Water  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board  during  the 
past  year  in  reply  to  applications  for  advice  relating  to  water  supply :  — 

ASHFIELD. 

April  7, 1904. 
To  the  Board  of  Directors  qfthe  A9f\field  Water  Company. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  yon  on  March 
29,  1904,  the  following  application  for  the  advice  and  approval  of  this 
Board  of  the  taking  of  Bear  Swamp  Brook,  so  called,  and  its  tributaries  as 
a  source  of  public  water  supply  for  the  town  of  Ashfield  :  — 

The  Ashfield  Water  Company  hereby  makes  application  to  the  State  Board  of 
Health  for  its  approval  of  Bear  Swamp  Brook  in  the  town  of  Ashfield  as  a  source 
of  water  supply  for  the  inhabitants  of  said  town. 

The  Ashfield  Water  Company  proposes  to  take  the  waters  of  Bear  Swamp 
Brook,  as  authorized  by  chapter  77,  Acts  of  1904 ;  to  construct  a  reservoir  on  said 
brook  of  about  40,000  gallons^  capacity,  at  an  elevation  of  335  feet  above  the  vil- 
lage; to  conduct  the  water  through  about  2,000  feet  of  4-inch  pipe  to  a  service 
reservoir  of  200,000  gallons*  capacity,  at  an  elevation  of  about  215  feet.  From  the 
service  reservoir  the  water  is  to  be  conducted  through  7,000  feet  of  8-inch  pipe  to 
the  village  street,  where  it  is  to  bo  distributed  through  6-inch  and  4-inch  mains. 

The  Board  has  considered  the  results  of  recent  examinations  of  the  pro- 
posed source  of  supply  and  of  analyses  of  the  water,  and  has  examined  the 
plan  submitted  by  you. 

The  point  at  which  it  is  proposed  to  take  water  from  the  brook,  as  indi- 
cated in  yoor  plan,  is  just  above  the  highway  crossing,  about  one-fifth  of  a 
mile  above  the  point  where  the  brook  crosses  the  main  road  leading  from 
Ashfield  to  Hawley.  Examinations  made  by  the  Board  show  that  at  the 
present  time  the  drainage  area  of  the  brook  above  this  point  is  free  from 
dwelling  houses  or  other  possible  sources  of  pollution,  and  that  the  water 
is  of  good  quality  for  all  the  purposes  of  a  public  water  supply. 

The  Board  has  no  definite  information  showing  the  fiow  of  Bear  Swamp 
Brook  in  very  dry  weather,  but  is  infonned  that  the  flow  is  well  maintained  ; 
and  it  is  probable  that  a  sufficient  supply  of  water  will  be  secured  from  the 
reservoir  which  it  is  proposed  to  construct,  taken  in  connection  with  the 
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service  reservoir  referred  to  in  yoar  application,  which  it  is  understood  will 
be  supplied  wholly  from  the  Bear  Swamp  Brook,  and  not  from  another 
water-shed.  If  there  should  be  a  shortage  of  water  at  any  time,  it  will  be 
practicable  to  build  a  storage  reservoir  upon  Bear  Swamp  Brook  just  above 
the  intake  reservoir  now  proposed  there,  and  in  this  way  secure  an  adequate 
supply. 

The  Board  hereby  approves  the  taking  of  Bear  Swamp  Brook  at  the  point 
indicated  above  as  a  source  of  water  supply  for  the  town  of  Ashfield,  under 
the  provisions  of  chapter  77  of  the  Acts  of  the  year  1904. 

Attleborouoh. 

Oct.  6, 1904. 

To  the  Board  of  Water  Commissioners  of  the  Town  of  Attleborough^  Mr.  Gbo&gb  H.  Skbll, 

SupeHntendent, 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  August 
17  the  following  application  for  advice  relative  to  a  proposed  additional 
water  supply  for  the  town  of  Attleborough :  — 

I  hereby  request  your  approval  of  certain  improvements  in  the  development  of 
the  present,  water  supply.  The  present  well  does  not  permit  of  water  being 
drawn  from  the  ground  at  a  rate  such  that  the  present  pumping  plant  can  be 
economically  operated. 

It  is  therefore  proposed  to  construct  another  well  on  the  opposite  side  of  Seven 
Mile  River,  and  connect  this  new  well  with  the  present  well  by  a  masonry  conduit 
laid  at  the  elevation  of  bottom  of  well,  this  conduit  to  be  of  dry  masonry,  so  as  to 
serve  as  additional  means  of  interception. 

Test  wells  have  been  sunk,  and  good  material  has  been  found. 

We  submit  with  this  application  a  blue  print  showing  the  proposed  new  work, 
also  the  location  of  the  test  wells. 

The  application  was  accompanied  by  a  blue  print  showing  the  location 
of  the  proposed  new  well,  and  of  test  wells  sunk  in  the  neighborhood  of 
the  present  and  proposed  wells  to  determine  the  character  of  the  soil 

The  plans  provide  for  supplementing  the  present  supply,  which  is  drawn 
from  a  well  30  feet  in  diameter  and  25  feet  deep,  located  about  150  feet 
south-east  of  the  Seven  Mile  River,  a  short  distance  above  its  entrance  to 
Orr's  Pond,  by  constructing  a  new  well  on  the  opposite  side  of  the  river, 
about  50  feet  from  the  stream  and  210  feet  from  the  present  well.  The 
proposed  new  well  is  to  be  40  feet  in  diameter,  and  to  be  sunk  about  1 
foot  lower  than  the  bottom  of  the  present  well. 

The  Board  has  considered  the  proposed  plans,  and  has  caused  the  lo- 
cality to  be  examined  by  one  of  its  engineers  and  samples  of  the  water  of 
the  test  wells  to  be  analyzed. 

The  quality  of  the  water  of  the  present  source  of  supply  is  excellent, 
but  experience  has  shown  that  the  yield  of  the  well  is  hardly  sufficient  for 
the  supply  of  the  town  under  present  conditions,  and  in  a  vei*y  dry  season 
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the  qaantity  obtainable  from  this  source  woald  probably  be  iuadeqaate. 
Analyses  of  samples  of  water  from  the  test  wells  located  in  the  neighbor- 
hood of  the  proposed  new  well  show  that  the  water  does  not  differ  materi- 
ally in  quality  from  that  of  the  present  source  of  supply,  and  the  indications 
are  that  water  of  good  quality  would  be  obtained  from  the  proposed  well. 

The  test  wells  were  sunk  in  porous  soil,  and  water  could  be  pumped  from 
them  very  freely.  Observations  upon  the  height  of  water  in  these  wells 
indicate  that  the  ground  water  in  this  locality  is  already  influenced  by 
pumping  from  the  present  well ;  but  by  constructing  the  proposed  well  a 
much  larger  portion  of  the  water  stored  in  the  ground  in  this  region  would 
be  made  available,  and  the  area  from  which  the  water  would  filter  toward 
the  sources  of  supply  be  enlarged,  so  that  a  considerable  increase  in  the 
yield  of  your  sources  of  supply  would  be  secured  by  the  construction  of 
the  proposed  works.  It  is  very  important  to  secure  an  additional  supply 
without  delay ;  and  under  the  circumstances,  in  the  opinion  of  the  Board, 
the  proposed  well  and  conduit  are  a  desirable  addition  to  your  sources  of 
supply. 

It  is  evident  that  much  water  from  the  Seven  Mile  River  enters  the 
ground  in  the  region  through  which  the  proposed  conduit  will  pass  ;  and  it 
is  important,  in  laying  this  conduit,  to  exclude  ground  water  from  beneath 
the  river  bottom,  or  at  any  place  where  imperfectly  purified  water  is  liable 
to  enter  this  channel. 

Attleborough  (Town  Farm). 

JuNB  2,  1904. 
To  the  Board  of  Overseers  of  the  Poor  qf  the  Toum  of  Attleborough, 

Gentlemen  :  — The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  with  reference  to  the  quality  of  the  water  of  a  well  recently 
put  in  at  the  town  farm,  and  has  caused  the  well  and  its  surroundings  to 
be  examined  by  one  of  its  engineers  and  a  sample  of  the  water  to  be 
analyzed. 

The  results  of  the  analysis  show  that  the  water  is  grossly  polluted,  ap- 
parently by  drainage  and  foul  matter  from  an  adjacent  bam  cellar,  and  is 
unfit  for  drinking.  The  Board  would  advise  that  this  well  be  closed,  and 
the  possible  use  of  its  water  for  drinking  or  cooking  be  prevented. 

Dbg.  1, 1904. 
To  the  Board  of  Overseers  of  the  Poor  of  Attleborough,  Mr.  Bbnj.  W.  Kikg,  Chairman, 

Gentlemen: — In  response  to  your  request,  the  State  Board  of  Health 
has  again  caused  the  well  at  the  Attleborough  town  farm  to  be  examined 
and  a  sample  of  the  water  to  be  analyzed.  The  results  of  the  analysis 
show  some  improvement  as  compared  with  the  first  examination  of  the 
water  of  this  well,  but  the  water  is  still  very  badly  polluted,  and  in  the 
opinion  of  the  Board  is  unfit  for  drinking. 
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Attleborough  (Watson-Newbll  Company). 

Aug.  4, 1904. 

To  the  Watson-Newell  Company ^  Attleborough,  Mass. 

Gentlemen  :  — The  State  Board  of  Health  has  caused  au  examination  to 
be  made  of  the  water  of  driven  wells  located  near  your  factory,  which  it 
appears  have  been  put  in  with  a  view  to  furnishing  a  supply  of  water  for 
manufacturing  purposes  and  also  for  drinking  in  the  factory,  and  has 
caused  a  sample  of  water  from  one  of  the  wells  to  be  analyzed.  This 
well,  which  the  Board  is  informed  is  88  feet  deep,  is  located  about  300  feet 
from  the  factory  in  low  land  near  the  Ten  Mile  River. 

The  results  of  the  analysis  show  that  the  water  contains  an  excessive 
quantity  of  iron,  which  would  make  it  objectionable  for  drinking  and  some 
other  uses.  The  presence  of  this  iron  is  probably  caused  by  the  imperfect 
filtration  of  water  passing  through  the  ground  from  the  Ten  Mile  River,  a 
stream  which  receives  much  pollution  from  villages  above  this  point,  and 
under  the  circumstances  the  Board  does  not  advise  the  use  of  this  water 
for  drinking. 

Barnstable  and  Yarmouth. 

June  2, 1904. 

To  the  Barnstable  Water  Company,  Mr.  Bbbk  A.  Thaghbr,  Temporary  President,  159 

Devonshire  Street,  Boston. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  May 
10,  1904,  an  application  for  the  approval  of  a  proposed  source  of  water 
supply  for  the  towns  of  Barnstable  and  Yarmouth,  in  which  your  proposed 
scheme  is  described  as  follows :  —  t 

By  the  proposed  system  the  supply  of  water  will  be  obtained  from  driven  wells 
located  near  the  southerly  end  of  Wequaquet  Lake. 

The  location  of  the  wells,  the  details  of  their  construction,  and  the  land  which 
it  is  proposed  to  purchase,  are  shown  on  the  accompanying  plans :  1.  Plan  show- 
ing location  of  proposed  driven  well  system,  Barnstable  water  works,  dated  May 
9,  1904,  Peirce  &  Barnes  Company,  engineers ;  2.  Barnstable  water  works,  plan 
of  driven  well  system,  December,  1903,  Alfred  O.  Doane,  consulting  engineer,  and 
Peirce  &  Barnes  Ck>mpany,  engineers. 

The  system  herein  proposed  is  intended  to  be  in  accordance  with  the  general 
recommendation  of  your  Honorable  Board,  made  last  year  in  reply  to  an  applica- 
tion for  advice  and  approval  of  a  plan  to  take  water  from  Wequaquet  Lake. 

It  is  believed  that  the  system  now  proposed  will  not  interfere  in  any  way  with 
the  use  of  Wequaquet  Lake  and  its  shores  for  boating,  fishing,  hunting  and  other 
purposes  for  which  the  lake  and  its  shores  are  now  used. 

In  advising  the  Barnstable  Water  Company  upon  the  proposed  system  of  water 
supply,  your  Honorable  Board  is  requested  to  inform  the  company  whether  said 
system  will  in  any  way  interfere  with  the  uses  to  which  the  lake  and  its  shores 
are  now  put.  It  is  of  considerable  importance  to  the  company  to  be  informed  on 
this  point,  as  the  company  desires  to  take  its  supply  from  such  places  and  in  such 
a  manner  that  there  will  be  no  interference  with  the  present  uses  of  the  lake  and 
its  shores. 
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The  application  is  accompanied  by  plans  showing  the  location  of  the 
proposed  tnbalar  wells,  as  described  in  the  foregoing  statement. 

In  response  to  this  application,  the  Board  has  caused  the  locality  to  be 
examined  by  one  of  its  engineers  and  samples  of  water  from  two  of  the 
test  wells  to  be  analyzed. 

The  results  of  the  analyses  show  that  the  water  of  these  wells  is  soft, 
and  otherwise  of  good  quality  for  the  purposes  of  a  public  water  supply. 

The  results  of  tests  made  by  pumping  water  from  test  wells  in  this 
locality  show  that  water  can  be  obtained  freely  from  the  ground  by  means 
of  suitable  collecting  works,  and,  taken  in  connection  with  observations 
upon  the  height  of  the  ground  water,  indicate  that  a  sufficient  quantity  of 
water  for  the  supply  of  the  towns  of  Barnstable  and  Yarmouth  can  be 
obtained  from  the  ground  in  this  region ;  and  the  Board  approves  the  use 
of  ground  water  from  the  locality  for  the  supply  of  the  towns  of  Barnstable 
and  Yarmouth. 

In  the  opinion  of  the  Board,  the  use  of  water  from  the  ground  in  the 
locality  indicated,  provided  that  all  collecting  works  are  located  100  feet  or 
more  from  the  shores  of  the  pond,  and  an  adequate  area  is  secured  about 
the  wells  to  prevent  danger  of  pollution  of  the  ground  water  in  this  neighbor- 
hood, need  not  interfere  with  boating,  fishing  or  hunting  upon  Wequaquet 
Lake,  or  other  proper  and  legitimate  use  of  that  lake  or  its  shores. 

Barre  (Stetson  Home). 

Skpt.  1,  1904. 
To  Mr.  J.  N.  BAB88,  SiqpeHrUenderU  Stetson  Home^  Barre^  Mass. 

Dear  Sir  :  —  In  response  to  your  request  of  August  4  for  an  examina- 
tion of  the  water  supply  used  at  the  Stetson  Home,  and  advice  as  to  its 
quality,  the  Board  has  caused  the  sources  of  supply  to  be  examined  by  one 
of  its  engineers  and  has  caused  samples  of  the  water  to  be  analyzed. 

It  appears  that  the  water  supply  is  at  present  drawn  from  three  wells : 
one  a  dug  well,  80  feet  deep,  located  about  50  feet  south-east  of  the  road  to 
Barre ;  the  second  a  S-inch  tubular  well,  150  feet  deep,  located  20  feet 
south-east  of  the  first  well ;  and  the  third  a  well  25  feet  deep,  dug  in  the 
cellar  of  a  dwelling  house,  the  latter  well  being  within  about  20  feet  of  a 
privy  vault.  Water  from  the  first  two  wells  is  pumped  to  a  tank,  whence  it 
flows  to  a  tank  in  the  school  building  and  is  supplied  for  use  there,  the 
water  of  the  third  well  being  used  only  for  the  supply  of  the  dwelling 
house. 

The  results  of  an  analysis  of  the  water  of  the  well  in  the  dwelling  house 
shows  that  it  has  been  considerably  polluted ;  and,  while  at  the  time  this 
sample  was  collected  the  water  was  being  very  thoroughly  punfied  before 
entering  the  well,  and  was  probably  at  that  time  safe  for  drinking,  its 
quality  is  liable  at  any  time  to  deteriorate,  and  it  is  advisable,  in  the  opinion 
of  the  Board,  to  discontinue  the  use  of  this  source. 
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Analyses  of  the  water  of  the  other  two  wells  from  which  the  supply  used 
in  the  school  is  drawn  show  some  evidence  of  previous  pollution ;  but  at 
the  present  time  the  possible  sources  of  pollution  are  remote,  and  tiie 
Board  is  of  the  opinion  that  the  water  of  these  sources  might  safely  be  used 
for  drinking.  The  water  of  the  deep  tubular  well,  however,  contains  such 
an  excessive  quantity  of  iron  that  it  is  objectionable  for  drinking  and  many 
other  purposes.  It  would  be  practicable  to  remove  the  excessive  quantity 
of  iron  by  means  of  a  properly  constructed  filter ;  but  the  expense  of  con- 
structing and  maintaining  such  a  filter  would  probably  be  greater  than  the 
cost  of  obtaining  a  new  supply  by  sinking  a  well  in  a  locality  where  the 
water  is  not  affected  by  the  presence  of  an  excessive  quantity  of  iron. 

Boston  (Jamaica  Park). 

July  7, 1904. 

To  the  Board  of  Commissioners  of  the  Department  of  Parks,  Jamaica  Plains  Mr.  Gbobqb 

F.  Clarke,  Secretary. 

Gentlemen  :  —  In  response  to  your  request  of  June  8  for  an  examination 
of  the  water  supplied  from  the  city  mains  at  Jamaica  Park,  and  also  of  the 
water  of  a  spring  in  the  park  near  the  corner  of  Chestnut  and  Perkins 
streets,  the  Board  has  caused  the  locality  to  be  examined  and  samples  of 
the  waters  indicated  to  be  analyzed. 

The  water  from  the  city  mains,  you  state,  is  so  full  of  sediment  at  times 
as  to  be  undrinkable,  usually  being  worse  in  the  morning  than  at  other 
times.  This  is  doubtless  due  to  the  fact  that  the  faucet  from  which  the 
water  is  drawn  is  located  at  the  end  of  a  long  section  of  pipe  from  which 
there  are  no  other  takers.  It  is  probable  that,  by  providing  a  proper  means 
of  fiushing  this  pipe,  and  by  fiushing  it  in  the  morning  before  water  is  drawn 
for  drinking,  the  water  would  be  of  satisfactory  quality. 

The  water  of  the  spring  near  the  corner  of  Chestnut  and  Perkins  streets 
is  of  good  quality  for  drinking.  The  spring  is  exposed  to  possible  pollu- 
tion by  fertilizers  or  other  matters  deposited  upon  the  slope  above  the 
spring,  which  might  be  carried  into  the  spring  at  times  of  rain.  If  pro- 
vision should  be  made  to  prevent  matters  deposited  here  from  being  washed 
into  the  spring,  and  if  the  spring  should  be  covered  so  that  it  would  not  be 
polluted  by  persons  dipping  up  water,  this  spring  would  be  a  safe  source 
from  which  to  take  water  for  drinking. 

Colrain. 

July  21, 19M. 

To  Messrs.  W.  S.  Allabd,  Charles  A.  Macby  and  Charles  J.  Bubsell,  Commissioners 

of  the  Colrain  Fire  District  No.  1. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  request 
of  June  27  for  the  advice  and  approval  by  this  Board  of  the  taking  for 
domestic  purposes,  under  the  provisions  of  chapter  318  of  the  Acts  of  the 
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year  1902,  of  the  waters  of  Mountain  Brook,  so  called,  in  the  town  of 
Colrain,  and  has  caused  the  proposed  source  of  supply  to  be  examined  by 
its  engineer  and  a  sample  of  the  water  to  be  analyzed. 

The  water,  as  indicated  by  the  analysis  of  a  sample  collected  recently  at 
the  reservoir  already  constructed  by  the  district,  though  somewhat  hard,  is 
in  other  respects  of  good  quality  for  the  purposes  of  a  public  water  supply ; 
and  an  examination  of  the  water-shed  shows  that  this  area  is  practically 
uninhabited  above  the  point  where  your  reservoir  is  located,  the  only 
dwelling  house  in  the  neighborhood  being  so  close  to  the  limit  of  the  water- 
shed that  it  is  unlikely  that  polluting  matters  from  this  place  can  affect 
your  source  of  supply. 

The  water  of  the  reservoir  is  unfavorably  affected  at  times  by  street 
wash  from  a  road  which  passes  near  the  head  of  the  reservoir.  The  street 
wash  could  be  conveyed  in  the  gutter  on  the  opposite  side  of  the  street  from 
the  reservoir  to  a  point  of  discharge  into  the  brook  below  the  reservoir 
without  special  difficulty,  and  this  change  should  be  made  before  the  water 
is  used  for  domestic  purposes. 

While  the  quantity  of  water  which  this  source  will  yield  in  dry  weather 
is  evidently  small,  it  is  likely  to  be  sufficient  for  the  requirements  of  the 
village ;  and  the  Board  hereby  approves  the  taking  of  Mountain  Brook  at 
the  reservoir  now  located  on  that  stream  as  a  source  of  water  supply  for 
domestic  purposes  for  the  village  of  Colrain. 

Dalton. 

Nov.  3, 1904. 
To  the  Board  of  Water  CommUHoners  of  the  Dalton  Fire  District. 

Gentlemen  :  —  In  accordance  with  your  request,  the  Board  has  caused 
an  examination  to  be  made  of  Anthony  and  Beall's  brooks,  with  a  view  to 
their  use  as  sources  of  water  supply  for  Dalton,  and  has  caused  samples  of 
their  waters  to  be  analyzed. 

The  water-shed  of  Anthony  Brook,  which  is  contiguous  to  that  of  your 
present  source  —  Egypt  Bix>ok  —  on  the  west,  is  uninhabited,  and  the 
waters  of  the  two  branches,  while  somewhat  colored  with  vegetable  matter, 
are  of  good  quality  for  drinking. 

The  water-shed  of  Beall's  Brook  contains  one  dwelling  house,  unoccu- 
pied, however,  at  present,  and  two  buildings  which  are  said  to  be  occupied 
during  the  winter.  The  analyses  of  the  water  show  that  it  is  naturally  of 
good  quality  for  water-supply  purposes,  and  if  suitable  provision  is  made 
for  preventing  pollution  of  the  stream  from  buildings  on  the  water-shed, 
this  stream  may  safely  be  used  as  a  source  of  water  supply  for  Dalton. 

R^ardiog  the  quantity  of  water  which  these  sources  are  likely  to  yield 
in  the  drier  part  of  the  year,  it  is  not  practicable  to  make  a  definite  esti- 
mate, but  with  the  aid  of  the  storage  in  your  reservoirs  the  use  of  these 
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streams  is  likely  to  add  considerably  to  the  quantity  of  water  available  for 
the  supply  of  the  district ;  and  the  cost  of  works  for  obtaining  water  from 
these  sources  is  not  likely  to  be  very  large  in  the  case  of  Anthony  Brook, 
while  in  the  case  of  Beall's  Brook  a  pipe  line  of  sufficient  size  can  be  laid 
so  that  it  may  be  extended,  when  necessary,  to  May  Brook  farther  east. 

In  the  opinion  of  the  Board,  Anthony  and  Beall's  brooks  are  appropriate 
sources  of  additional  water  supply  for  Dal  ton. 

Dartmouth  (Bay  View). 

Sbpt.  1, 19(H. 

To  Mr.  Chablxs  W.  Howland,  Chcurmaa,  Board  of  Health,  Dartmouth,  Mass. 

Deas  Sir:  —  In  response  to  your  request  for  an  examination  of  the 
water  of  a  well  used  as  a  source  of  water  supply  for  the  summer  settlement 
of  Bay  View,  and  advice  as  to  its  quality,  the  Board  has  caused  the  well 
and  its  surroundings  to  be  examined  and  a  sample  of  the  water  to  be 
analyzed. 

This  source  was  examined  by  the  Board  in  1899,  and  at  that  time  the 
owner  was  advised  that  the  water  showed  evidence  of  having  been  at  spme 
time  polluted  but  subsequently  well  purified  in  its  passage  through  the 
ground  before  entering  the  well,  and  that  the  water,  under  the  conditions 
existing  at  that  time,  was  suitable  for  drinking  and  other  domestic  uses. 
Since  the  time  of  the  previous  examination  a  tubular  well  has  been  drivea 
in  the  bottom  of  the  large  well  to  a  depth  of  about  100  feet. 

Upon  comparing  the  results  of  the  recent  analysis  with  the  results  of  the 
previous  test,  it  is  found  that  the  water  has  deteriorated  slightly  in  some 
respects,  but  the  indications  are  that  it  was  safe  for  drinking  at  the  time 
the  recent  examination  was  made. 

There  are  cesspools  and  other  places  where  sewage  is  deposited  in  the 
ground  not  far  from  the  well,  and  the  danger  in  the  use  of  such  a  source  is 
that  some  change  in  the  conditions  affecting  the  pollution  of  the  water  may 
at  any  time  cause  it  to  deteriorate  in  quality  and  become  unsafe  for  drink- 
ing ;  and  the  Board  would  advise  that  while  this  source  is  continued  in  use 
its  condition  be  examined  carefully  from  time  to  time,  and  its  use  discon- 
tinued if  deterioration  occurs.  It  is  desirable  that  a  water  supply  from 
some  unpolluted  source  be  obtained  for  this  village,  and  the  further  use  of 
the  present  source  discontinued. 

Easthampton. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board  on  July  7,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  waters  of 
Basse tt  Brook  and  its  tnbutaries,  used  by  the  town  of  Easthampton  as  a 
source  of  water  supply. 
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Easton. 

Oct.  6, 19(M. 

To  Mr.  William  H.  Amss,  Wattr  Commissioner,  iV^ortA  Easton  Village  District,  North 

Easton,  Mass. 

Dear  Sib  :  —  In  accordance  with  your  application  of  August  4  for  an 
examination  of  the  water  of  two  deep  tubular  wells  located  on  either  side 
of  your  present  well,  the  Board  has  caused  the  locality  to  be  examined  and 
samples  of  the  water  of  the  wells  to  be  analyzed. 

The  results  of  the  analyses  indicate  that  the  water  of  well  No.  1  is  of 
good  quality  for  the  purposes  of  a  public  water  supply,  the  quality  differing 
but  little  from  that  of  your  present  well.  The  water  of  well  No.  2  is  not 
satisfactory. 

Well  No.  1  is  distant  about  75  feet  from  the  present  well,  and,  while  it 
was  sank  to  a  much  greater  depth  than  the  present  well,  it  was  bored 
largely  in  rock,  and  it  is  unlikely  that  the  yield  of  your  sources  of  supply 
will  be  materially  increased  by  the  use  of  this  well. 

The  consumption  of  water  in  the  North  Easton  village  district  is  increas- 
ing rapidly,  and  it  is  unlikely  that  the  yield  of  the  sources  of  supply,  iu- 
cluding  the  new  well,  would  be  sufficient  for  the  requirements  of  the  village 
in  the  drier  portion  of  a  dry  season. 

The  reservoir  located  near  the  well  is  supplied  with  water  from  the 
Queset  River,  a  stream  which  receives  considerable  pollution ;  and  the 
water  of  this  reservoir  should  not  be  used  for  the  supply  of  the  town  un- 
less fdtered  in  a  proper  manner  before  being  introduced  into  the  water- 
supply  system. 

It  appears  that  there  is  a  system  of  pipes  laid  beneath  the  bottom  of  this 
reservoir,  with  a  view  to  collecting  ground  water.  The  Board  is  informed 
that  water  from  this  source  has  not  been  used,  and  no  knowledge  is  avail- 
able as  to  its  quality.  Judging  from  experience  with  similar  systems  for 
collecting  water  in  other  places,  the  quality  of  the  water  obtainable  from 
these  pipes  would  be  likely  to  be  objectionable  for  many  domestic  uses, 
and  imperfectly  filtered  water  from  the  reservoir  might  find  its  way  into 
them. 

In  the  opinion  of  the  Board,  it  is  advisable  for  the  district  to  cause  an 
investigation  to  be  made,  with  a  view  to  obtaining  an  additional  source  of 
water  supply  which  may  be  available  for  use  when  necessary.  There  ap- 
pear to  be  opportunities  for  securing  an  additional  supply  of  water  from 
the  ground  at  several  places  at  no  great  distance  from  your  present 
well,  and  it  may  also  be  practicable  to  filter  water  from  the  Queset  River 
through  the  gravelly  land  bordering  the  stream,  and  secure  water  of  good 
quality  and  in  sufficient  quantity  for  the  additional  requirements  of  the 
Tillage. 

Should  you  decide  to  make  further  investigations,  the  Board  will,  upon 
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application,  give  yoa  such  assistance  as  it  can  in  the  matter  by  making  the 
necessary  analyses  of  samples  of  water,  and  will  give  you  further  advice 
when  the  results  of  further  investigations  are  available. 

Gloucester  (Y.  M.  C.  A.). 

JUNB  2, 1904. 
To  Mr.  Bbubbn  Bkooks,  Chairman^  Bmlding  Committee  of  Y.  M,  C'  A.,  Gloucester,  Mass* 

Dear  Sir  :  —  In  response  to  your  request  of  May  9  for  advice  as  to  the 
quality  of  the  water  of  a  well  which  it  is  proposed  to  use  as  a  source  of 
water  supply  for  the  Y.  M.  C.  A.  building  in  Gloucester,  the  Board  has 
caused  the  well  and  its  surroundings  to  be  examined  and  a  sample  of  the 
water  sent  in  by  you  to  be  analyzed. 

The  results  of  the  analysis  show  that  the  water  of  this  well  is  grossly 
polluted  by.  sewage,  and  is  also  probably  affected  by  sea  water,  and  the 
Board  would  advise  that  the  possibility  of  its  use  for  drinking  or  cooking 
be  prevented. 

Gloucester  (Russia  Cement  Company). 

Sbpt.  1, 1901. 
To  Mr.  Bbubbn  Brooks,  President  Russia  Cement  Company ^  Gloucester,  Mass, 

Dear  Sir  :  —  In  response  to  your  request  of  July  30,  the  Board  has 
caused  certain  wells  at  your  factory,  which  you  propose  to  use  as  a  source 
of  drinking  water  supply  for  the  operatives,  to  be  examined  and  a  sample 
of  the  water  to  be  analyzed. 

The  wells  indicated  are  located  in  the  bottom  of  a  pond  near  the  factory, 
and  the  Board  is  informed  that  they  have  been  driven  to  a  depth  of  about 
25  feet  beneath  the  bottom  of  the  pond. 

The  pond  is  a  small  artificial  reservoir,  the  water  of  which  is  exposed  to 
pollution  from  several  buildings  on  its  water-shed.  The  water  of  the  wells 
gives  evidence  of  considerable  pollution,  and  the  water  of  wells  located  in 
the  bottom  of  a  pond,  as  these  are,  is  likely  to  deteriorate  after  a  consider* 
able  quantity  of  water  has  been  drawn.  The  water  does  not  appear  to  be 
unsafe  for  drinking  at  present,  but,  since  its  quality  is  liable  to  deteriorate, 
the  Board  would  advise  that  it  be  examined  from  time  to  time,  and  its  use 
discontinued  if  deterioration  occurs. 

Great  Barrinqton. 

March  3. 1904. 
To  the  Water  Committee,  Great  Barrington,  Mass.,  Mr.  Gborgb  D.  Goodrich,  Chairman. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  as  to  the  taking  of  Seekonk  or  Alford  Brook  as  a  source  of 
water  supply  for  Great  Barrington,  and  has  caused  the  source  to  be  ex- 
amined by  one  of  its  engineers. 

It  appears  from  oral  statements  by  members  of  your  committee  that  two 
plans  are  under  consideration,  though  no  definite  information  concerning 
either  of  them  has  been  submitted  to  the  Board. 
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One  plan  proTides  for  taking  water  from  the  brook  at  a  point  near  its 
mouth,  using  the  water  of  Green  River  to  furnish  power  for  pumping,  and 
all  of  the  water  supplied  from  this  source  would  have  to  be  pumped  by  this 
plan.  The  examinations  made  by  the  Board  show  that  the  water  of  the 
brook  at  this  point  is  not  only  objectionable  on  account  of  hardness,  but  that 
it  will  probably  be  impracticable  to  adequately  protect  it  from  pollution ; 
and,  in  the  opinion  of  the  Board,  Seekonk  Brook  at  this  point  is  neither  a 
desirable  nor  a  safe  source  of  water  supply. 

By  the  second  plan  the  Board  is  informed  that  a  small  dam  would  be 
constructed  across  the  brook,  about  five  miles  above  its  mouth  and  about 
a  mile  and  a  half  above  the  village  of  Alford.  By  this  plan  water  could 
apparently  be  supplied  to  the  town  by  gravity  under  a  somewhat  greater 
pressure  than  is  furnished  by  the  present  low-service  system,  but  the  source 
would  not  be  high  enough  to  supply  the  high-service  system. 

The  water  of  the  brook  at  this  point  also  is  objectionably  hard,  and,  as 
there  is  a  considerable  population  in  buildings  located  close  to  the  brook 
and  its  tributaries  above  this  point,  and  much  of  the  land  is  highly  culti- 
vated, the  protection  of  the  source  from  pollution  would  be  difficult  and 
expensive.  In  the  opinion  of  the  Board,  this  brook  is  not  a  desirable 
source  of  water  supply  for  the  fire  district. 

Other  sources  offering  greater  advantages  both  in  respect  to  the  quality 
of  the  water  and  the  economy  of  constructing  works  appear  to  be  available, 
but  adequate  investigation  of  these  sources  has  not  yet  been  made  to  de- 
termine the  quantity  or  quality  of  water  that  they  can  be  depended  upon 
to  yield  by  any  practicable  plan  of  development. 

Nov.  3, 1904. 

To  the  Committee  on  Water  Supply  of  the  Great  Barrington  Fire  District,  Mr.  A.  C. 

Collins,  Chairman, 

Gentlbhem  :  —  The  State  Board  of  Health  received  from  you  on  Oct.  4, 
1904,  an  application,  under  the  provisions  of  section  117,  chapter  75  of  the 
Revised  Laws,  requesting  the  advice  of  the  Board  as  to  a  proposed  water 
supply  for  Great  Barrington,  in  which  you  state :  — 

The  advice  of  the  Board  is  desired  on  the  adoption  of  the  source  of  supply  de- 
scribed and  recommended  by  Mr.  Percy  M.  Blake,  viz.,  the  Goodale  Brook  in  the 
town  of  Mt.  Washington,  in  his  report,  a  copy  of  which  has  been  forwarded  to 
you.  Or,  if  such  source  does  not  receive  the  approval  of  your  Board,  it  is  desired 
that  yon  recommend  such  other  source,  of  those  described  by  Mr.  Blake,  as  may 
be  best  adapted  to  the  needs  of  the  district. 

The  application  is  accompanied  by  a  report  of  your  engineer,  Mr.  Percy 
M.  Blake,  in  which  various  possible  sources  of  water  supply  are  consid- 
ered, with  the  final  recommendation  that  water  be  introduced  from  Goodale 
Brook  and  a  portion  of  the  water-shed  of  Wright  Brook,  supplemented  when 
necessary  with  water  from  Fenton  Brook. 
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The  plan  provides  for  the  constnictioii  of  two  storage  re8er\'oir8  on  Good- 
ale  Brook,  each  to  hold  about  24,000,000  gallons ;  and  a  canal  is  indicated, 
running  from  the  southerly  end  of  the  water-shed  of  Goodale  Brook  across 
a  portion  of  the  water-shed  of  Wright  Brook,  by  which  it  is  proposed  to 
intercept  some  of  the  flow  of  the  latter  water-shed  and  divert  it  into  Good- 
ale  Brook.  At  Fenton  Brook  it  is  proposed  to  construct  a  reservoir  hold- 
ing about  1,500,000  gallons  of  water  at  about  the  same  elevation  as  the 
lower  reservoir  on  Goodale  Bix>ok,  and  to  construct  a  branch  pipe  line  from 
this  reservoir  to  the  main  pipe  from  Goodale  Brook  to  the  village. 

Several  other  possible  sources  of  supply  have  been  considered  by  your 
engineer,  and  estimates  of  the  cost  of  works  for  obtaining  water  from  these 
sources  are  submitted. 

The  Board  has  caused  the  various  sources  available  for  the  water  supply 
of  Great  Barrington  to  be  examined  by  its  engineer,  and  has  considered 
the  information  that  has  been  collected  and  submitted  concerning  them  and 
the  results  of  the  analyses  of  the  various  waters.  Of  the  various  sources 
considered,  Goodale  Brook,  Prospect  Lake  and  Harmon  Brook  have  de- 
cided advantages  both  in  the  matter  of  economy  and  in  other  respects  over 
any  of  the  others  that  have  been  mentioned  as  possible  sources  of  water 
supply  for  Great  Barrington.  The  water  of  Goodale  Brook  as  it  flows  in 
the  stream  is  softer  than  that  of  either  Prospect  Lake  or  Harmon  Brook, 
and  is  nearly  free  from  color.  The  water  of  Prospect  Lake  is  also  nearly 
colorless,  while  the  water  of  Harmon  Brook  is  somewhat  colored.  It  is 
probable  that  the  water  of  Prospect  Lake  is  affected  at  times  by  growths 
of  organisms  which  impart  to  the  water  a  disagreeable  taste  and  odor,  and 
the  waters  of  Goodale  Brook  or  Harmon  Brook  would  probably  be  affected 
in  a  similar  way  by  storage  in  the  reservoirs  which  it  would  be  necessary 
to  construct  in  order  to  obtain  a  sufficient  supply  from  these  brooks.  The 
principal  advantage  in  quality  that  either  of  the  sources  would  possess  over 
the  others  after  development  as  proposed  would  be  that  the  water  of  Good- 
ale Brook  would  probably  be  somewhat  softer  than  that  of  Prospect  Lake 
or  Harmon  Brook. 

The  water-sheds  of  all  three  sources  contain  dwelling  houses  and  farm 
buildings,  and  it  would  be  necessary  in  each  case  to  make  provision  for  the 
prevention  of  the  pollution  of  the  source  from  such  places. 

Harmon  Brook,  developed  as  proposed  by  your  engineer,  would  yield  ^n 
ample  quantity  of  water  for  the  present  and  future  requirements  of  Great 
Barrington,  so  far  as  they  can  now  be  foreseen,  and  the  source  is  capable 
of  further  development.  Prospect  Lake  would  probably  yield  at  present 
enough  water  for  the  requirements  of  the  district  in  the  driest  of  seasons ; 
and  the  investigations  have  shown  that  it  is  practicable  to  increase  the  yield 
of  the  lake  by  raising  its  level  and  diverting  into  it  the  waters  of  adjacent 
water-sheds,  so  that  it  wUl  be  capable  of  furnishing  an  ample  supply  for 
the  present  and  future  requirements  of  the  district.     By  constructing  both 
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the  reserroiiB  suggested  on  Goodale  Brook,  holding  together  48,000,000 
gallons,  a  somewhat  greater  quantity  of  water  than  the  estimated  amount 
now  used  by  the  district  could  be  obtained  from  this  source ;  and  by  using 
in  connection  therewith  the  portion  of  the  Wright  Brook  and  Fenton  Brook 
water-sheds  that  can  be  made  available,  enough  water  can  be  obtained 
from  this  source  to  supply  a  population  much  larger  than  that  now  living 
in  the  district,  unless  the  use  of  water  should  be  excessive.  There  appears 
to  be  no  practicable  plan  of  developing  this  source  further  than  is  indicated 
in  the  plans  submitted,  and  it  is  doubtful  whether  it  can  be  depended  upon 
in  a  very  dry  year  to  yield  more  than  about  750,000  gallons  per  day. 

The  estimates  of  cost  submitted  indicate  very  clearly  that,  if  all  items  of 
cost  and  damage  be  included,  the  cost  to  the  distiict  of  taking  a  supply  of 
water  from  Prospect  Lake  would  be  considerably  less  than  the  cost  of  an 
adequate  water  supply  from  Goodale  Brook  or  from  Harmon  Brook. 

Considering  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
most  appropriate  source  of  water  supply  for  the  district  is  Prospect  Lake 
and  the  water-sheds  contiguous  thereto.  Goodale  Brook,  however,  de- 
veloped and  supplemented  as  proposed,  would  furnish  a  sufficient  quantity 
of  good  water  to  supply  the  needs  of  the  district  for  several  years,  and 
possibly  for  many  years  if  the  growth  should  be  slow  and  the  use  of  water 
moderate.  Aside  from  the  greater  cost  of  the  works,  there  is  no  objection 
to  the  taking  of  a  supply  of  water  from  Goodale  Brook,  supplemented. 
with  water  from  Wright  and  Fenton  brooks. 

Jan.  5, 190!^^ 
To  the  OommUtee  on  Water  Supply  of  the  Great  Barrington  Fire  District,  Mr.  A.  C. 

Collins,  Chairman, 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Nov, 
22,  1904,  a  communication  requesting  further  advice  relative  to  the  pro- 
posed sources  of  water  supply  for  the  Great  Barrington  Fire  District,  as 
follows :  — 

Your  communication  of  November  8,  relative  to  a  proposed  water  supply  for 
Great  Barrington,  was  duly  received  and  contents  noted. 

We  appreciate  your  suggestions  in  regard  to  Prospect  Lake  as  a  more  economical 
supply  and  possibly  a  larger  supply  than  Goodale  Brook,  which  is  recommended 
by  Mr.  Blake  in  his  report.  Our  committee,  however,  have  much  hesitation  about 
recommending  Prospect  Lake  to  the  fire  district,  on  account  of  the  quality  of  the 
water.  Of  course  we  appreciate  the  fact  that  the  quality  would  be  improved  by 
raising  the  dam  and  increasing  the  depth  of  water ;  but  so  much  is  said  about  the 
strong  odors  from  the  lake  during  the  hot  weather,  that  we  very  much  doubt  if 
this  objection  can  be  entirely  overcome.  We  dislike  to  take  any  chanees  on  the 
quality  of  the  water  that  we  are  to  get,  especially  during  the  summer  months, 
when  many  people  from  the  cities  are  likely  to  be  here,  and  when  we  should  be 
especially  criticised  for  any  disagreeable  odors  or  color  in  the  water. 

Would  there,  in  your  opinion,  be  any  difficulty  in  removing  the  color  to  the 
water  of  Harmon  Brook,  as  suggested  in  Mr.  Blake's  report?    This  source  of 
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supply  would  be  undoubtedly  an  adequate  one,  but  is  subject  to  some  criticism 
on  account  of  the  color. 

The  city  of  Springfield  has  had  so  much  trouble  with  the  quality  of  its  water 
supply  that  we  do  not  want  to  take  any  chances  in  that  respect.  While  there  is 
not  the  abundance  of  water  in  Goodale  Brook  that  we  could  wish,  yet  its  quality 
is  so  excellent  that  we  feel  very  friendly  to  Mr.  Blake^s  report  in  favor  of  that 
supply,  as  he  seems  to  regard  it  as  adequate. 

None  of  our  committee  has  any  special  prejudice  in  favor  of  either  supply.  We 
simply  want  to  solve  the  problem,  if  possible,  for  the  best  interests  of  the  fire 
district,  and  to  correctly  settle  the  long- vexed  problem. 

Dr.  I>ane,  who  is  a  member  of  our  board  of  health,  feels  very  strongly  that  the 
water  of  Prospect  Lake  would  not  be  satisfactory  during  the  summer  months 
unless  a  large  amount  were  expended  in  cleaning  the  lake.  I  enclose  herewith  a 
copy  of  a  communication  which  I  have  just  received  from  him  on  this  subject. 

If  I  understand  your  letter  correctly,  you  are  prepared  to  approve  either  Good- 
ale  Brook  or  Harmon  Brook,  in  case  the  district  should  adopt  either  of  these 
sources  in  preference  to  Prospect  Lake.    Is  this  correct  P 

The  iDformatioD  available  to  the  Board  as  to  the  character  of  the  water 
of  Prospect  Lake  is  that  which  is  f  arnished  by  the  results  of  analyses  of 
samples  of  this  water  collected  in  August,  1899,  and  in  the  months  of  July 
and  October,  1904;  and  the  results  of  examinations  of  the  lake  and  its 
surroundings  by  its  engineer,  and  the  information  furnished  by  the  investi- 
gations of  your  engineer,  Mr.  Blake.  The  water  collected  from  the  lake 
in  August,  1899,  had  a  vegetable  odor  when  examined  by  the  severe  tests 
of  the  laboratory,  but  the  other  samples  were  odorless.  A  very  faint  odor 
was  developed  in  two  samples  upon  heating  the  water.  The  quantity  of 
organic  matter  present  in  the  water,  as  indicated  by  the  albuminoid  am- 
monia in  these  samples,  was  no  greater  than  is  found  in  good  pond  or 
reservoir  waters  in  the  warmer  portion  of  the  year,  and  the  water  had  bat 
little  color. 

Nearly  all  surface  waters,  when  stored  in  ponds  or  reservoirs,  are  affected 
at  times  by  growths  of  organisms  which  impart  to  the  water  a  disagreeable 
taste  and  odor,  and  it  is  not  unlikely  that  the  water  of  Prospect  Lake 
would  be  affected  at  times  in  this  way,  as  you  have  already  been  advised  ; 
but,  so  far  as  the  analyses  show,  this  water  is  not  likely  to  be  seriously 
affected  by  tastes  or  odors  in  the  summer  season. 

Examinations  of  the  lake  and  its  surroundings  show  that  the  conditions 
are  naturally  favorable  for  the  storage  of  water ;  and  if  the  lake  should  be 
drawn  down,  the  bottom  cleaned  and  the  organic  matter  removed  from  the 
areas  which  would  be  flowed  by  reason  of  raising  its  level,  the  danger  that 
the  water  would  be  objectionable  on  account  of  disagreeable  tastes  and 
odors  would  be  diminished.  These  improvements  could  apparently  be 
made  without  serious  difficulty. 

If  either  Goodale  Brook  or  Harmon  Brook  should  be  used  as  a  source  of 
water  supply  by  the  district,  it  would  be  necessary,  in  order  to  secure  a 
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saflScient  supply,  to  constract  reservoirs  upon  them  and  ase  the  reservoir 
waters  in  the  drier  portion  of  the  year.  The  waters  of  these  reservoirs 
wonld  be  liable  to  be  affected  in  a  manner  similar  to  that  of  Prospect 
Lake,  and  it  is  not  practicable  to  tell  beforehand  whether  they  would  be 
affected  in  a  greater  or  less  degree  than  the  lake  water. 

If  the  water  of  Harmon  Brook  should  be  filtered  in  a  proper  manner,  it 
is  probable  that  the  color  would  be  somewhat  reduced ;  but  experience 
with  the  operation  of  water  filters  covering  a  period  of  more  than  ten 
years  shows  that  the  greatest  reduction  of  color  by  filtration  is  unlikely 
to  exceed  about  30  per  cent.,  and  that  in  some  years  the  reduction  would 
not  be  much  over  half  as  great,  and  the  color  of  the  water  of  Harmon 
Brook  after  filtration  would  probably  be  somewhat  greater  than  that  of 
Prospect  Lake. 

The  only  practicable  plan  of  insuring  a  water  free  from  taste  or  odor 
from  either  of  the  sources  will  be  to  filter  the  water;  and  works  con- 
structed for  supplying  water  to  the  district  from  either  of  the  three  sources 
could  be  so  designed  in  the  beginning  as  to  allow  for  the  subsequent  intro- 
duction of  filters,  if,  after  experience,  it  should  be  found  that  the  quality 
of  the  water  was  objectionable  on  account  of  taste  or  odor,  and  that  filtra- 
tion was  desirable.  The  condition  of  Prospect  Lake  is  not  at  all  com- 
parable with  that  of  the  water  supply  of  Springfield,  the  water  of  the 
latter  city  being  taken  from  a  very  large  reservoir  formed  by  fiooding  an 
area  containing  an  extensive  swamp,  without  removing  stumps,  muck  and 
other  organic  matter. 

The  Board  is  prepared  to  approve  either  Goodale  Brook  or  Harmon 
Brook,  developed  as  proposed  in  the  plan  most  recently  submitted,  in  case 
the  fire  district  should  adopt  either  of  these  sources  in  preference  to  Pros- 
pect Lake. 

Greenfield. 

July  7, 1904. 

To  Messrs.  G.  J.  Day,  E.  A.  Newcomb  and  Charlbs  B.  Lowbll,  Wetter  CommUsioners 

and  PrvderUial  Committee,  Oreenjield  Fire  District, 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion of  June  1 6  for  advice  as  to  the  preparation  of  the  bottom  of  the  pro- 
posed new  storage  reservoir  for  the  water  supply  of  the  Greenfield  Fire 
District  now  under  construction  apon  Glen  Brook,  a  short  distance  above 
your  present  reservoir,  and  has  caused  the  locality  to  be  examined  by  its 
engineer. 

It  appears  that  the  new  reservoir  will  be  formed  by  a  dam  about  40  feet 
in  height,  which  will  flood  an  area  of  about  7.1  acres  to  an  average  depth 
of  about  1 7  feet.  The  storage  capacity  of  the  proposed  new  reservoir  will 
be  about  40,000,000  gallons,  and  the  total  storage  capacity  of  this  and  the 
present  reservoir,  taken  together,  will  be  about  64,000,000  gallons. 

The  water  of   Glen  Brook  is  clear  and  nearly  colorless,  and  contains 
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naturally  but  little  organic  matter.  Experience  with  such  waters  has 
shown  that  they  deteriorate  when  stored  in  reservoirs,  and  are  affected 
at  times  by  the  presence  of  minute  vegetable  organisms  in  suspension  in 
the  water  which  often  impart  to  it  a  disagreeable  taste  and  odor.  Trouble 
from  this  cause  has  been  slight  with  the  water  of  your  present  reservoir, 
probably,  in  part  at  least,  on  account  of  the  fact  that  the  capacity  of  the 
reservoir  is  small  in  proportion  to  the  size  of  the  water-shed,  so  that  the 
water  changes  japidly  at  all  seasons  of  the  year. 

The  water  stored  in  the  proposed  new  reservoir  will  change  less  rapidly, 
and  there  will  be  a  greater  opportunity  for  the  development  of  organic 
growths  which  cause  disagreeable  tastes  and  odors  in  water  than  in  the 
case  of  the  present  reservoir,  since  the  water  will  be  stored  for  a  longer 
time. 

Experience  shows  that  such  organic  growths  develop  less  extensively  in 
reservoirs  which  have  been  carefully  prepared  for  the  storage  of  water  by 
the  removal  of  all  of  the  soil  and  oi^anic  matter  from  the  area  flowed  than  in 
those  which  have  received  less  thorough  preparation ;  and  it  is  desirable  to 
diminish  the  possibility  of  serious  trouble  from  this  cause  by  removing 
materials  liable  to  promote  organic  growths. 

The  area  to  be  flowed  consists  of  the  steep  and  rocky  sides  of  a  narrow 
glen,  originally  covered  with  a  heavy  growth  of  wood,  which  has  been  cut 
down  and  is  being  removed.  The  soil  of  this  area  consists  chiefly  of  hard- 
pan  and  rock,  overlaid  in  places  by  a  thin  layer  of  loam  or  vegetable  mold, 
composed  in  part  of  decayed  leaves,  sticks,  etc.  The  Board  would  advise 
that  all  stumps  and  vegetable  matter  be  removed  from  this  area,  including 
also  such  soil  as  may  contain  roots  or  grasses,  so  that  the  surface  exposed 
to  the  water  may  be  free  from  such  organic  matters. 

In  the  work  of  constructing  the  dam  and  preparing  this  resei'voir,  which 
has  already  been  begun,  it  will  be  necessary  to  introduce  a  considerable 
number  of  laborers  into  the  water-shed  above  the  reservoir  from  which 
your  present  supply  is  drawn ;  and,  in  order  to  protect  the  purity  of  your 
present  source  of  supply  while  this  work  is  in  progress,  it  will  be  necessary 
for  you  to  provide  means  for  the  sanitary  protection  of  your  water  supply, 
and  to  exercise  such  supervision  of  those  employed  on  the  work  as  will 
insure  the  protection  of  the  water  supply  from  pollution.  The  Board  re- 
gai*ds  this  matter  of  the  greatest  importance,  since  serious  epidemics  have 
resulted  from  the  introduction  of  laborers  into  a  water-shed  used  as  a 
source  of  public  water  supply,  under  such  circumstances  as  these. 

It  also  appears,  from  an  examination  of  the  water-shed  of  Glen  Brook 
above  your  present  reservoir,  that  the  water  is  exposed  to  considerable 
danger  of  pollution  from  several  groups  of  farm  buildings,  some  of  which 
are  near  the  streams  feeding  the  reservoir.  By  the  enforcement  of  suit- 
able sanitary  rules  and  regulations  it  will  be  possible  to  protect  your 
sources  of  supply  from  pollution  from  most  of  these  places.     Some  of 
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these  places  are  bo  situated  with  respect  to  the  streams  that  it  will  be 
difficalt  to  protect  your  sources  of  supply  efl9ciently  from  pollution  from 
these  places ;  and,  in  order  to  secure  adequate  protection,  it  will  be  neces- 
sary for  the  town  to  secure  control  of  some  of  the  lands  within  this  water- 
shed. It  is  especially  important  that  a  sufficient  area  should  be  controlled 
about  your  reservoirs  to  protect  them  from  possible  pollution.  The  Board 
will,  if  yoa  so  request,  provide  rules  for  the  sanitary  protection  of  your 
water  supply,  as  authorized  by  chapter  75  of  the  Revised  Laws  of  Massa- 
chusetts. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  Aug.  4,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  waters  of 
Glen  Brook  Reservoir  and  its  tributaries,  used  by  Fire  District  No.  1  in 
the  town  of  Greenfield  as  a  source  of  water  supply. 

Hadlet. 

Oct.  6, 19M. 

To  MesBTB.  F.  H.  Smith  and  E.  8.  Allbh,  Water  Supply  Committee  of  the  Toton  of  Iladley, 
Gentlembn  :  —  The  State  Board  of  Health,  in  accordance  with  your  ap- 
plication of  Aug.  23,  1904,  for  advice  as  to  obtaining  a  water  supply  for 
the  village  of  Hadley  from  the  streams  known  as  Sheep  Pasture  Brook, 
Middle  or  Stony  Hill  Brook,  and  Shingle  Mill  Brook,  in  Hadley,  has  caused 
these  sources  to  be  examined  by  one  of  its  engineers  and  samples  of  their 
waters  to  be  analyzed. 

The  results  of  the  analyses  show  that  the  waters  of  these  sources  were 
at  this  time  clear  and  nearly  colorless  and  contained  little  organic  matter, 
and  were  in  other  respects  of  good  quality  for  the  purposes  of  a  public 
water  supply.  It  is  unlikely  that  the  quality  is  very  different  at  other 
seasons  of  the  year.  The  water-sheds  are  at  the  present  time  uninhabited, 
and  the  waters  can  be  protected  from  pollution  in  the  future  without 
difficulty. 

Regarding  the  quantity  of  water  which  these  sources  can  be  depended 
upon  to  furnish,  very  little  information  is  available,  though  weir  measure- 
ments made  during  the  past  summer  indicate  that  the  flow  is  well  main- 
tained in  ordinary  years.  It  is  very  doubtful,  however,  whether  the  flow 
of  the  three  sources  taken  together  would  be  sufficient  for  the  supply  of  the 
town  unless  provision  should  be  made  for  storing  water  in  a  reservoir  for 
nse  in  the  drier  portion  of  the  year.  An  examination  of  the  water-sheds 
of  the  brooks  shows  that  upon  one  of  them  there  is  a  favorable  site  for  a 
storage  reservoir  which  would  apparently  hold  from  3,000,000  to  4,000,000 
gallons ;  and  if  further  investigations  shall  show  that  it  is  practicable  to 
construct  a  storage  reservoir  of  the  size  indicated  on  either  of  the  streams 
and  to  divert  the  waters  of  the  other  streams  into  the  resers'^oir,  it  is  prob- 
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able,  in  the  opinion  of  the  Board,  that  an  adequate  supply  of  water  for  the 
village  of  Hadley  could  be  obtained  from  the  three  streams  indicated,  and 
at  less  expense  than  in  any  other  way.  If  this  plan  should  be  adopted, 
and  an  additional  supply  should  become  necessary,  it  could  probably  be 
obtained  from  other  water-sheds  in  this  neighborhood. 

Hardwick  (Gilbebttillb)  . 

Apbil  7, 19(H. 
To  the  Board  of  Health  of  Hardwick,  Mr.  Chablbs  F.  Anqbll,  Agent, 

Gentlemen: — In  response  to  your  communication  received  March  26, 
1904,  i*equesting  an  examination  of  the  water  supplied  to  the  village  of 
Gilbertville  with  reference  to  its  action  upon  lead  pipes,  through  which  the 
water  is  supplied,  the  Board  has  caused  the  sources  to  be  examined  and 
samples  of  their  waters  to  be  analyzed. 

It  appeara  from  this  examination  that  the  water  supply  of  the  village, 
which  is  drawn  from  springs  on  neighboring  hillsides,  is  supplied  exclu- 
sively through  lead  pipes,  the  length  of  lead  pipe  between  the  source  of 
supply  and  the  consumers  being  in  some  cases  nearly  half  a  mile. 

The  results  of  the  analyses  of  samples  of  water  collected  in  houses  sup- 
plied from  four  different  sources  showed  in  all  cases  that  the  water  dis- 
solves lead  from  the  pipes,  the  quantity  dissolved  in  some  cases  being 
sufficient  to  cause  lead  poisoning.  At  other  seasons  of  the  year  and  with 
other  conditions  it  is  not  unlikely  that  even  greater  quantities  of  lead  are 
dissolved  from  the  pipes  than  at  the  present  time. 

The  Board  would  advise  that  the  lead  pipes  used  to  supply  water  to  Gil- 
bertville be  removed  without  delay,  and  pipes  substituted  which  will  not  be 
attacked  by  the  water,  or,  if  attacked,  will  not  injure  the  health  of  those 
who  use  the  water  for  drinking  or  cooking.  The  danger  of  lead  poisoning 
can  be  avoided  by  the  use  of  pipes  of  tin,  of  lead  properly  lined  with  tin, 
or  of  iron  lined  with  tin  or  with  cement. 

Habvard. 

Mabch  3, 1901. 
To  Dr.  William  N.  Cowlbs,  Ayer,  Mass. 

Dear  Sir:  —  In  response  to  your  communication  of  January  18  for  an 
examination  of  certain  wells  in  the  town  of  Harvard  which  have  been  sus- 
pected of  causing  lead  poisoning,  the  Board  has  caused  samples  of  water 
to  be  collected  from  four  wells  indicated  by  you,  the  results  of  which  are 
enclosed  herewith. 

The  results  of  the  analyses  show  that  the  water  of  all  of  these  wells 
dissolves  lead  from  the  pipes,  and  the  quantity  of  lead  present  in  the 
samples  collected  from  the  Chace  and  Mongovan  houses  would  be  very 
likely  to  cause  lead  poisoning. 

The  Board  would  advise  that  the  lead  pipes  used  to  supply  the  water  in 
these  two  houses  be  removed  without  delay,  and  pipes  substituted  which 
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will  not  be  attacked  by  the  water,  or,  if  attacked,  will  not  endanger  the 
health  of  those  who  use  the  water  for  drinking  or  cooking. 

In  the  case  of  the  other  two  houses  it  is  possible  that  at  other  seasons 
of  the  year  and  under  different  conditions  the  quantity  of  lead  taken  up  by 
the  pipes  would  be  larger  than  was  shown  by  the  recent  analyses ;  and,  to 
avoid  danger  of  lead  poisoning  in  these  cases  also,  it  would  be  advisable 
to  remove  the  lead  pipes  and  substitute  other  pipes  which  will  not  be  acted 
upon  by  the  water ;  but  both  of  these  wells  are  badly  polluted,  and  it  is 
desirable  that  the  use  of  these  sources  be  discontinued,  and  water  intro- 
duced from  some  other  source.     Danger  of  lead  poisoning  can  be  avoided 
by  the  use  of  pipes  made  of  tin,  or  of  lead  properly  lined  with  tin,  or  of 
iron  lined  with  tin  or  with  cement. 

Haverhill. 

Jan.  6, 1906. 
To  the  Board  of  Water  Comjiussioners  of  the  City  of  Haverhill. 

Gektlemen:  — In  response  to  your  request  for  information  as  to  the 
cause  of  the  offensive  taste  and  odor  of  the  water  of  Johnson's  Pond,  sup- 
plied to  the  Bradford  district,  the  Board  has  caused  examinations  of  the 
water,  both  of  the  pond  and  distributing  system,  to  be  made,  and  finds 
that  the  objectionable  conditions  are  due  to  the  organism  Uroglena^  which 
is  present  in  the  water  of  the  pond  in  very  large  numbers.  The  Board  is 
unable  to  advise  you  as  to  the  cause  of  the  presence  of  this  organism  in 
the  water  of  the  pond.  It  is  not  known  whether  the  use  for  drinking  of 
water  containing  this  organism  would  be  injunous  to  health,  or  not. 

The  city  of  Haverhill  has  other  independent  sources  of  water  supply, 
which  are  not  apparently  at  the  present  time  affected  by  disagreeable  tastes 
and  odors;  but  no  provision  appears  to  have  been  made  for  supplying 
water  from  these  sources  on  the  Bradford  side  of  the  river.  The  Board 
would  advise  that  one  way  of  overcoming  the  difficulty  is  by  connecting 
the  works  in  the  Bradford  district  with  those  on  the  Haverhill  side  of  the 
river,  so  that  it  will  be  practicable  to  supply  the  Bradford  district  with 
water  from  one  of  the  other  sources  at  times  when  the  water  of  Johnson's 
Pond  is  affected  by  disagreeable  tastes  and  odors,  as  at  present ;  and  there 
might  also  be  times  when  it  would  be  desirable  to  use  the  water  of  John- 
son's Pond  in  the  portion  of  the  city  north  of  the  river. 

The  Board  would  further  advise  that  the  objectionable  tastes  and  odors 
coald  be  removed  from  the  water  of  Johnson's  Pond  by  filtration  ;  and  this 
is  the  only  safe  and  practicable  way  known  to  the  Board  of  removing  from 
this  water  the  oi^anisms  and  the  objectionable  taste  and  odor  which  they 
cause. 
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Holland. 

July  7, 19M. 
To  Mr.  A.  F.  Blodobtt,  Secretary  of  Water  Committee^  Holland^  Mass, 

Dear  Sir:  —  In  response  to  your  request  for  an  examination  of  the 
water  of  a  certain  spring  in  Holland  and  advice  as  to  the  use  of  this  source 
for  a  water  supply  for  a  schoolhouse,  town  hall  and  one  or  two  other  build- 
ings in  the  village,  the  Board  has  caused  the  spring  and  its  surroundings 
to  be  examined  by  one  of  its  engineers  and  samples  of  the  water  to  be 
analyzed. 

The  results  of  the  analyses  show  that  the  water  is  soft  and  colorless,  and 
evidently  of  good  quality  for  the  purposes  of  a  public  water  supply,  pro- 
vided that  it  be  protected  from  the  entrance  of  surface  water,  by  which  it 
was  affected  somewhat  at  the  time  the  samples  were  collected  for  analysis. 

The  Board  is  unable  to  advise  you  as  to  whether  the  quantity  of  water 
which  this  spring  will  furnish  will  be  sufficient  for'the  requirements  of  the 
buildings  and  dwelling  houses  which  are  in  need  of  a  water  supply.  At 
the  time  the  examination  was  made  the  spring  was  full,  but  little  or  no 
water  was  flowing  away  from  it.  It  seems  likely  that,  by  excavating  a 
well  or  basin  at  the  spring  and  laying  a  pipe  from  near  the  bottom  of  the 
excavation,  a  sufficient  flow  of  water  for  the  village  could  be  obtained  at 
all  times. 

The  Board  would  advise  that,  before  laying  a  pipe  to  take  a  supply  from 
this  source,  you  cause  a  test  of  its  yield  to  be  made  by  drawing  water  from 
the  spring  daily  in  approximately  the  quantity  that  will  be  required  for  the 
supply  of  the  village,  and  observe  whether  by  this  test  the  water  returns 
and  maintains  its  level,  or  whether  the  spring  is  gradually  becoming  ex- 
hausted.. If,  by  such  a  test,  tJbe  yield  of  the  spring  is  found  sufficient,  the 
Board  is  of  the  opinion  that  the  source  will  be  a  suitable  one  for  the  re- 
quirements of  the  village. 

HOLYOKE. 

Nov.  3.  1904. 
To  the  Board  of  Water  Commissioners  of  the  City  of  Holyoke, 

Get^tlemen  :  —  In  response  to  your  request  for  advice  as  to  prevention 
of  the  pollution  of  Manhan  Brook,  one  of  your  sources  of  water  supply, 
by  a  group  of  farm  buildings  situated  between  two  tributaries  of  the 
brook,  a  short  distance  north  of  the  road  leading  from  Westhampton  to 
Norwich  Hill,  the  Board  has  caused  an  examination  of  the  locality  to  be 
made  by  one  of  its  engineers,  and  has  considered  the  plan  presented. 

An  examination  of  the  surroundings  shows  that  the  stream  is  now  being 
polluted  by  foul  drainage  from  the  buildings ;  and  the  situation  of  these 
buildings  is  such  that  it  is  impracticable,  under  the  existing  conditions,  to 
prevent  the  pollution  of  the  stream  from  this  place.  The  plan  submitted 
provides  for  diverting  the  flow  of  the  west  branch  of  the  stream,  into 
which  the  drainage  now  flnds  its  way,  into  the  east  branch  at  a  point  some 
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distance  above  the  farm  buildings,  where  the  flow  was  evidently  once 
diverted  at  some  previous  time.  It  is  also  proposed  to  put  in  a  second 
channel  immediately  above  the  farm  buildings,  to  divert  any  waters  which 
may  find  their  way  into  the  bed  of  the  west  branch  below  the  upper  point 
of  diversion. 

It  will  probably  be  practicable,  by  carrying  out  this  plan,  to  prevent  any 
direct  pollution  of  the  brook  from  the  farm  buildings,  and  the  cost  of  the 
necessary  works  will  not  be  large.  The  situation  of  these  buildings,  how- 
ever, is  sach  that  they  will  continue  to  menace  the  purity  of  the  water  at 
all  times,  and  it  is  advisable,  in  the  opinion  of  the  Board,  for  the  city  to 
secure  control  of  these  buildings  without  delay,  and  prevent  their  further 
use.  When  this  is  done  the  Board  would  advise  that  rules  and  regulations 
be  secured  and  enforced  to  protect  the  remaining  part  of  this  water-shed. 

HOLTOKE    (HOLTOKE   VaLVE   AND   HtDRANT   CoMPANT). 

Aug.  4, 1901. 

To  Mr.  John  J.  Sulxjtak,  Vice-President  and  Manager,  Holyohe  Valve  and  Hydrant 

Company  t  Holyoke,  Mass, 

Deab  Sir:  —  In  accordance  with  your  request  of  June  21  for  an  exami- 
nation of  the  water  of  a  tubular  well  at  your  factory,  used  for  drinking  by 
the  employees  and  others,  the  State  Board  of  Health  has  caused  the  well 
and  its  surroundings  to  be  examined  and  several  samples  of  the  water  to 
be  analyzed. 

The  results  of  the  analyses  show  that  the  water  of  this  well  has  at  some 
time  been  considerably  polluted  by  sewage,  but  subsequently  very  well 
purified  in  its  passage  through  the  ground  before  entering  the  well.  The 
quantity  of  organic  matter  present  in  the  water  is  larger  than  is  found  in 
good  ground  waters,  and,  while  this  water  is  probably  safe  for  drinking  at 
the  present  time,  changes  in  the  height  of  the  ground  water  or  other  circum- 
stances may  at  any  time  render  it  unsafe,  and  the  Board  cannot  recommend 
its  continued  use  for  drinking. 

UoLYOKE  ( WHrrHORB  Manufaoturiho  Company)  . 

Aua.  4, 1904. 

To  the    Whitmore   Manufacturing   Company,  Holyohe,  Mass,,   Mr.  F.  D.  Hbtwood, 

Treasurer. 

Gemtt.ehen  :  —  In  response  to  your  request  of  July  1 1  for  advice  as  to 
the  quality  of  the  water  of  a  tubular  well  recently  driven  at  your  works  in 
Holyoke,  which  it  is  proposed  to  use  for  drinking,  the  State  Board  of 
Health  has  caused  the  well  and  iibs  surroundings  to  be  examined  and  a 
sample  of  the  water  to  be  analyzed. 

The  results  of  the  analysis  show  that  this  water,  while  it  has  been 
slightly  polluted  at  some  time  before  entering  the  well,  and  is  somewhat 
hard,  is  in  other  respects  of  good  quality  and  safe  for  drinking  at  the 
present  time. 
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The  well  is  located  in  a  densely  populated  part  of  the  city,  however,  and 
the  quality  of  the  water  may  change  materially  after  a  considerable  quan- 
tity has  been  drawn  from  the  well.  It  cannot  be  determined,  until  much 
more  water  has  been  drawn  from  the  well,  whether  the  water  will  continue 
to  be  safe  for  drinking ;  and,  if  used  for  that  purpose,  the  water  should  be 
analyzed  from  time  to  time,  and  its  use  discontinued  if  the  quality  should 

seriously  deteriorate. 

Hull. 

Jak.  5, 1905. 

To  the  Board  of  Health  of  the  Town  of  Hull, 

Gentlemen  :  —  The  State  Board  of  Health  received  on  December  30 
from  Dr.  W.  H.  Sturgis,  physician  to  the  board  of  health  of  the  town  of 
Hull,  the  following  communication  relative  to  the  quality  of  the  water 
supplied  to  that  town :  — 

It  is  the  desire  of  the  Hull  board  of  health  that  £  ask  your  aid  in  determining 
the  purity  of  the  water  supplied  to  the  town  for  drinking  and  other  purposes. 

For  about  four  weeks  the  water  (which  we  understand  is  not  the  same  pre- 
viously supplied)  has  given  off  such  an  odor  and  has  such  a  disagreeable  taste 
that  it  is  nearly  impossible  to  drink  it.  There  is  also  a  large  number  of  cases  of 
diarrhoea,  which  may  possibly  come  from  the  water. 

The  complaints  from  the  people  are  so  constant  that  we  consider  it  our  duty  to 
determine  the  purity  of  this  water. 

In  response  to  this  request  the  Board  has  caused  the  sources  of  the  water 
supplied  by  the  Hingham  Water  Company  to  the  towns  of  Hingham  and 
Hull  to  be  examined  by  one  of  its  engineers  and  samples  of  water  from  the 
sources  of  supply  and  from  faucets  in  Hull  to  be  analyzed. 

It  appears  from  this  examination  that  up  to  within  a  short  time  the  water 
supplied  to  the  town  of  Hull  was  drawn  from  a  well  and  a  system  of  pipes 
for  collecting  ground  water  near  Fulling  Mill  Pond ;  and  the  results  of 
analyses  of  this  water  show  that  it  is  clear  and  colorless,  contains  but  little 
organic  matter,  and  is  otherwise  of  good  quality  for  the  purposes  of  a  pub- 
lic water  supply.  This  water  was  supplied  by  pumping,  but  recently  the 
pumping  machinery  was  shut  down  for  repairs,  and  tlie  towns  have  been 
supplied  with  water  by  gravity  from  Accord  Fond  in  Hingham.  An  ex- 
amination of  the  water  of  this  pond  shows  that  it  contains  the  organism 
Vroglena  in  large  numbers,  and  it  is  to  the  presence  of  this  organism  in  the 
water  that  the  offensive  taste  and  odor  complained  of  in  Hull  at  the  present 
time  are  undoubtedly  due.  The  water  supplied  to  Hingham  and  Hull  from 
Accord  Fond  has  been  objectionable  for  the  same  reason  in  previous  years. 

The  Board  is  unable  to  advise  you  as  to  the  cause  of  the  presence  of 
this  oi^anism  in  the  water  of  Accord  Fond,  or  as  to  any  safe  plan  for 
preventing  its  appearance  and  the  objectionable  taste  and  odor  which  it 
produces. 

If  an  adequate  pumping  plant  should  be  provided,  it  is  probable  that 
enough  water  could  be  obtained  from  the  well  and  other  works  near  Full- 
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ing  Mill  Pond  for  the  sapply  of  both  towns  under  ordinary  circumstances ; 
bat  if  not,  the  water  of  Accord  Pond  could  be  filtered  through  filters  con- 
stracted  near  Fulling  Mill  Fond,  and  a  water  free  from  taste  and  odor 
could  in  this  way  be  supplied  at  all  times. 

The  Board  will  make  a  further  investigation,  to  determine  if  possible 
whether  the  ase  of  the  offensive  water  now  supplied  to  Hull  is  the  cause  of 
sickness,  as  suggested  in  the  above  communication,  and  will  inform  you  of 
Uie  results  when  the  investigations  are  completed. 

Ipswich. 

Fbb.  4, 190i. 
To  ihe  Water  Commissioners  of  the  Town  of  Ipswich, 

Gentlemen  :  —  The  State  Board  of  Health,  in  accordance  with  your  re- 
quest for  an  examination  of  the  storage  basin  of  the  public  water  supply 
of  Ipswich,  and  advice  as  to  improving  the  quality  of  the  water,  which  has 
been  affected  at  times  by  disagreeable  tastes  and  odors,  has  examined  the 
condition  of  the  reservoir,  and  has  made  experiments  during  the  past  three 
years  upon  the  purification  of  the  water  by  intermittent  filtration,  using  for 
this  purpose  two  experimental  filters  constructed  by  you,  which  were  well 
suited  to  the  purpose.  These  filters  contained  above  the  underdrains  about 
5  feet  of  sand  obtained  in  the  neighborhood,  and  were  operated  at  a  rate 
of  about  2,500,000  gallons  per  acre  per  day;  the  only  difference  in  the 
operation  of  the  two  filters  being  that  in  one  case  the  water  was  aerated 
before  being  applied  to  the  filter,  while  in  the  other  the  water  was  applied 
directly  as  it  came  from  the  reservoir,  but  the  effluent  coming  from  this  fil- 
ter was  aerated  before  being  collected  for  analysis.  A  temporary  filter  was 
operated  for  a  time  at  the  town  hall. 

The  water  of  Dow's  Brook  reservoir  has  been  analyzed  by  the  Board  at 
frequent  intervals  since  the  reservoir  was  first  used,  in  1895 ;  and  an  ex- 
amination of  the  results  of  these  analyses  shows  that  this  water  has  gener- 
ally had  but  little  color,  and  the  quantity  of  organic  matter  present,  while 
greater  than  found  in  some  ponds  and  reservoirs,  is  not  excessive. 

The  objectionable  taste  and  odor  of  this  water,  which  were  the  cause  of 
much  complaint  in  the  earlier  years  and  up  to  the  time  when  these  experi- 
ments were  begun,  were  probably  caused  largely  by  the  organisms  which 
grow  in  abundance  on  the  sides  and  bottom  of  the  reservoir,  especially 
near  its  upper  end,  and  by  microscopic  organisms  suspended  in  the  water. 
The  offensive  taste  and  odor  may  have  been  due  in  part  also  to  drawing 
water  from  the  bottom  of  the  reservoir,  where,  it  is  not  improbable,  a  layer 
of  stagnant  water  exists  during  the  summer,  as  in  many  other  ponds  and 
reservoirs.  During  the  time  that  these  experiments  have  been  continued 
the  objectionable  odor  has  apparently  been  less  noticeable  than  in  previous 
years,  excepting  in  the  early  part  of  1903,  when  the  water  had  an  offensive 
fishy  and  oily  odor,  due  to  the  presence  of  the  organism  Uroglena  in  great 
numbers. 
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An  examination  of  the  results  of  the  analyses  of  the  water  before  and 
after  filtration  shows  that  the  experimental  filters  operated  in  the  manner 
described  removed  nearly  all  of  the  color  from  the  reservoir  water  and  a 
large  portion  of  organic  matter,  and  that  the  effluent  was  in  all  cases  clear, 
nearly  colorless  and  free  from  odor.  During  the  time  when  the  great 
quantity  of  Uroglena  was  present  in  the  water,  in  the  spring  of  1903,  the 
temporary  filter  set  up  in  the  town  hall  removed  all  of  the  taste  and  odor 
from  the  water  during  the  short  time  when  this  water  was  affected  by  these 
organisms. 

The  results  of  the  experiments  and  of  investigations  upon  the  purifica- 
tion of  other  waters  similarly  affected  indicate  that  the  objectionable  taste 
and  odor  of  the  water  of  Dow's  Brook  reservoir  can  be  removed,  and  the 
water  made  clear,  odorless  and  practically  colorless  and  satisfactory  in  all 
respects  for  domestic  purposes,  by  filtration  through  sand  at  a  rate  as 
great  as  2,500,000  gallons  per  acre  per  day. 

Your  attention  was  called  by  this  Board  in  1896  to  the  great  danger  of 
injury  to  the  health  of  the  people  of  the  town  by  the  pollution  of  the  water 
of  the  reservoir  and  its  tributaries  by  sewage  and  other  wastes  from  the 
large  number  of  dwelling  houses  and  other  buildings  along  its  northwest- 
erly side. 

The  results  of  a  recent  examination  of  this  locality  show  that  no  mate- 
rial improvement  has  been  made  in  these  conditions,  and  that  much  sewage 
from  the  buildings  referred  to  still  finds  its  way  into  the  reservoir. 

It  will  be  very  difficult  to  prevent  wholly  the  pollution  of  the  reservoir 
from  these  buildings,  but  by  filtering  the  water  of  the  reservoir  it  will  be 
practicable  not  only  to  greatly  improve  its  quality  and  remove  the  dis- 
agreeable tastes  and  odors  by  which  it  is  now  at  times  affected,  but  also  to 
protect  the  health  of  the  town  from  the  danger  due  to  the  pollution  of  the 
resei*voir  and  its  tributaries. 

The  Board  would  advise  that  filters  be  installed  as  soon  as  possible. 
The  filters  should  be  constructed  under  the  direction  of  an  engineer  of 
experience  in  the  design  and  construction  of  such  works,  and  a  sufficient 
area  should  be  provided  to  allow  for  a  considerable  increase  in  the  use  of 
water  by  the  town. 

The  Board  will,  upon  application,  advise  you  as  to  any  plans  for  the 
purification  of  this  water  that  you  may  desire  to  present. 

Lawrence. 

•  «  Fbb.  17, 19(M. 

To  the  Lawrence  Water  Boards  Lawrence^  Mass, 

Gentlemen:  —  The  State  Board  of  Health  recognizes  with  great  con- 
cern that  the  water  of  your  reservoir  is  daily  falling  at  such  rate  that  if  it 
continues  two  weeks  longer  there  will  arise  the  necessity  of  drawing  water 
directly  from  the  river  without  filtration,  and  thus  repeating  the  terrible 
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experience  of  Batler,  Pa.,  with  its  1,247  cases  and  68  deaths  by  typhoid 

fever  from  a  similar  cause. 

The  danger  to  the  health  of  the  community  requires  the  application  of 

extraordinary  means  of  protection. 

If,  after  doing  all  that  can  be  done  to  get  purified  water  through  the 

filter,  the  supply  is  but  three-quarters  as  much  as  the  people  draw  from 

the  reservoir,  every  effort  must  be  made  to  prevent  so  great  a  draft. 

The  Board  advises  that  a  notice  be  put  in  the  hands  of  every  water 

taker  in  the  city,  uiging  him  or  her  to  save  all  that  is  possible  in  daily 

use,  and  warning  them  that,  unless  they  get  on  with  three-quarters  the 

amount  generally  used,  the  lives  of  the  people  will  be  in  peril. 

Beyond  this  the  Board  advises  the  employment  of  a  competent  body  of 

men  to  make  a  rapid  house-to-house  inspection,  and  cause  the  stopping  of 

all  waste  by  leaking  faucets  or  water-closets  and  running  of  water  by 

night ;  in  short,  by  taking  every  means  in  your  power  to  prevent  the  draft 

being  greater  than  the  supply. 

To  accomplish  this  for  a  few  weeks  appears  to  be  the  only  method 

within  your  system  of  water  works  of  averting  a  calamity. 

K  you  find  that  enough  cannot  be  saved,  it  may  be  practicable  to  obtain 

some  help  by  temporary  connections  with  the  water  works  of  neighboring 

towns. 

April  28,  1004. 

To  Hon.  C.  F.  Ltkch,  Mayor,  Mt.  E.  L.  Arukdbl,  President  of  Water  Board,  and  Mr. 
M.  F.  CoLLnrs,  Srq>erintendent  of  Water  Works,  Committee  an  Filter  proposed  by  the 
IntematUmal  Sewage  Di^osal  Company  for  the  Water  Sitpply  of  the  City  of  Lawrence, 

Gektlbhen  :  —  The  State  Board  of  Health  received  from  you  on  April 
14,  1904,  the  following  communication,  submitting  for  the  approval  of  this 
Board  certain  plans  and  specifications  of  a  filter  for  the  purification  of  the 
water  supply  of  the  city  of  Lawrence ;  — 

At  a  meeting  of  the  city  council  of  this  city,  held  March  7,  a  representative  of 
the  International  Sewage  Disposal  Company  was  present,  and  made  the  following 
proposition :  that  the  above-named  company  would  construct  a  filter  of  one-half 
an  acre  for  930,000.  This  plant  would  filter  8,000,000  gallons  per  day,  and  the 
effluent  to  be  satisfactory  to  the  State  Board  of  Health. 

The  board  of  aldermen,  at  a  meeting  held  March  14,  voted  to  have  the  above- 
named  company  draw  plans  and  specifications  for  their  proposed  new  filter,  and 
submit  the  same  to  the  water  board  and  the  committee  on  water  works  of  the  city 
oonncil.  The  common  council,  at  their  meeting  held  March  21,  concurred  in  the 
action  of  the  board  of  aldermen. 

On  Monday,  April  11,  the  water  board  and  the  committee  on  water  works  held 
a  meeting  in  the  common  council  chamber.  Mayor  Cornelius  F.  Lynch  presided, 
sod,  after  an  examination  of  the  plans  and  specifications  prepared  by  the  Inter- 
national Sewage  Disposal  Company,  it  was  voted  that  a  committee  of  three,  con- 
sisting of  Hon.  C.  F.  Lynch,  Mayor,  £.  L.  Arundel,  president  of  the  water  board, 
and  M.  F.  Collins,  superintendent  of  water  works,  present  the  above  plans  and 
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specifications  to  the  State  Board  of  Health  for  their  approval ;  accordingly,  we 
are  forwarding  you  to-day  the  plans  and  specifications  under  separate  cover. 

Any  information  in  regard  to  the  working  details  of  the  plans  will  be  furnished 
by  John  H.  French,  general  manager,  and  C.  D.  Mitchell,  consulting  engineer,  of 
the  International  Sewage  Disposal  Company. 

The  plans  and  the  description  of  the  proposed  water  purification  plant 
filed  therewith  provide  for  pumping  water  from  the  Merrimack  River  into 
four  sedimentation  tanks,  having  a  capacity  of  250,000  gallons,  in  which 
the  water  is  to  be  allowed  to  settle  for  a  period  of  two  hours ;  and  for 
filtering  the  water,  after  passing  through  the  tanks,  upon  a  filter  composed 
of  sand,  gravel  and  broken  stone,  having  an  area  of  22,200  square  feet 
and  a  depth  of  5  feet  of  filtering  material,  the  whole  to  be  enclosed  in  a 
building  provided  with  skylights. 

The  proposed  filter  is  to  be  composed  of  a  bottom  coarse  of  broken 
stone  6  inches  to  8  inches  in  thickness,  containing  pipes  passing  longitud- 
inally through  the  filter,  which  it  appears  are  intended  to  allow  the  passage 
of  air  into  the  filter.  Above  this  is  a  layer  of  gravel  2  inches  in  thickness ; 
then  a  layer  of  sand,  described  as  ^^ clean,  sharp"  sand,  80  inches  in 
thickness ;  then  another  layer  of  fine  gravel ;  then  a  6-inch  layer  of  broken 
stone,  including  more  aerating  pipes,  so  called ;  then  a  layer  of  fine  gravel 
2  inches  deep ;  and  finally  a  layer  of  fine  sand  12  inches  deep. 

The  filter  is  at  such  an  elevation  that  the  water  from  the  river  would 
have  to  be  supplied  to  it  by  pumping,  and,  after  passing  through  it,  would 
apparently  fiow  freely  into  the  present  pump  well  at  the  pumping  station 
at  all  times. 

The  Board  has  carefully  considered  the  plans  and  specifications  and  the 
descriptions  submitted  therewith,  and  finds  that,  as  a  means  of  purifying 
the  water  of  the  Merrimack  River  and  protecting  the  health  of  the  people 
of  Lawrence  from  typhoid  fever  and  other  evils  resulting  from  the  use  of 
unpurified  or  imperfectly  purified  river  water  for  drinking,  the  proposed 
filter  would,  in  its  judgment,  be  entirely  inadequate  and  unsuitable ;  hence, 
the  Board  declines  to  approve  the  plans  and  specifications  submitted. 

JuvB  2, 1904. 

To  Hon.  CoRNBLius  F.  Lynch,  Mayor,  Edward  L.  Abundbl,  President  of  Water  Board, 
and  M.  F.  Collins,  Superintendent  of  Water  Works,  Lawrence,  Mass. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  May  9, 
1904,  the  following  communication  relative  to  a  proposed  plan  of  purify- 
ing 6,000,000  gallons  per  day  of  Merrimack  River  water  for  the  supply  of 
the  city  of  Lawrence :  — 

Your  communication  of  April  28,  in  reply  to  our  request  asking  for  your  opinion 
on  the  plans  and  specifications  of  the  International  Sewage  Disposal  Company, 
was  read  and  accepted  at  a  joint  meeting  of  the  water  board  and  the  committee 
on  water  works  of  the  city  council,  held  May  6. 
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At  this  meeting  Mr.  ChipmaD  of  the  Chipman  Electric  Purifying  Company  of 
New  York  appeared,  and  made  the  following  proposition:  that  his  company 
would  install  a  plant  to  purify  6,000,000  gallons  per  day,  to  include  a  200  horse- 
power boiler ;  a  65  horse-power  engine ;  a  50-kilo  watt  generator ;  three  2,000,000- 
gallon  centrifngal  pumps ;  switch  boards,  meters,  etc. ;  three  basins  for  purifying, 
20  by  6  by  8  feet  in  size ;  three  basins  for  clarifying,  30  by  6  by  4  feet  in  size ; 
180  electrodes,  6  by  S  feet  by  ^^  inch  ;  24  feet  of  18-inch  pipe  laid ;  and  SO  12-inch 
gate-valves,  ready  for  use.  All  these  would  be  furnished  for  approximately 
$20,000,  exclusive  of  a  building. 

The  cost  for  maintenance  would  be  about  t3,000  per  year,  1 1,596  of  which 
would  be  for  additional  electrodes.  The  water,  which  would  be  guaranteed  to  be 
clear  and  free  from  disease  germs,  and  not  over  2  per  cent,  in  hardness,  would 
cost  approximately  t2.55  per  million  gallons. 

Mr.  Chipman  informed  the  committee  that  he  would  furnish  bonds  to  the 
amount  of  the  cost  of  the  plant. 

We  were  instructed  to  present  the  proposition  of  Mr.  Chipman  to  the  State 
Board  of  Health  for  their  approval. 

Owing  to  the  short  time  that  remains  before  the  General  Court  adjourns,  the 
committee  feels  that  as  prompt  reply  as  would  be  consistent  for  your  honorable 
body  to  give  the  proposed  plans  your  due  consideration  would  be  appreciated. 

Subsequently  a  model  of  the  proposed  purifying  plant  was  delivered  at 
the  office  of  the  Board  by  an  agent  of  the  Chipman  Electric  Purifying 
Company,  and  on  May  19  the  plans  of  the  proposed  works  for  purifying 
the  water  supply  of  the  city  of  Lawrence  were  filed  in  this  office. 

Since  the  receipt  of  the  model  the  Board  bas  conducted  experiments 
upon  the  effect  of  treating  sewage-polluted  water  in  the  manner  outlined  in 
the  plans  and  descriptions  submitted  by  the  Chipman  Electric  Purifying 
Company,  and  has  carefully  examined  the  plans  of  the  proposed  works  and 
the  information  submitted  therewith. 

The  essential  features  of  the  plans  submitted  are :  (1)  a  receiving  basin, 
so  called,  in  which  the  water  of  the  river  will  be  received,  and  opportunity 
allowed  for  sedimentation ;  (2)  purifying  basins,  through  which  the  river 
water  is  to  flow,  containing  electrodes  composed  chiefly  of  aluminum, 
through  which  an  electrical  current  is  to  be  passed ;  and  (8)  clarifying 
basins,  so  called,  in  which  are  four  compartments,  arranged  transversely 
across  the  basin,  which  are  to  contain  quartz  or  charcoal  2  feet  in  thick- 
ness, through  which  the  water  is  expected  to  pass  and  be  clarified,  the 
arrested  matter  being  discharged  from  the  basin  at  intervals  through  out- 
lets in  the  bottom.  The  water  is  expected  to  pass  successively  through 
these  four  filters  or  strainers,  each  2  feet  in  thickness,  and  having  an  area 
of  about  180  square  feet. 

The  results  of  experiments  upon  the  removal  of  sediment  from  the  water 
of  the  Merrimack  River  at  Lawrence  by  means  of  sedimentation  basins 
show  that  very  little  of  the  organic  matter  in  the  river  water  would  be 
removed  in  the  proposed  receiving  basin.     Experiments  with  the  model 
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submitted  show  that  the  bacteria  in  the  water  would  be  only  partially  re- 
moved by  the  electrical  process  proposed,  which  is,  in  effect,  chemical 
precipitation.  In  order  to  pass  the  water  through  the  filters  in  the  clarify- 
ing basins  at  the  rate  indicated,  it  would  be  necessary  that  they  should  be 
composed  of  exceedingly  coarse  material,  which  would  preclude  their  oper- 
ating efficiently  as  filters.  The  cost  of  operating  such  a  plant,  judging 
from  the  information  available  to  the  Board,  would  be  many  times  greater 
than  the  cost  of  operating  an  ordinary  sand  filter. 

In  the  opinion  of  the  Board,  the  proposed  electrical  treatment  would  not 
destroy  the  harmful  bacteria  in  the  water,  and  a  subsequent  thorough  fil- 
tration of  the  water  would  be  necessary  in  order  to  effect  its  purification. 
Such  filtration  would  not  be  accomplished  by  the  proposed  strainers. 

Works  constructed  in  accordance  with  the  plans  submitted  would,  in  the 
opinion  of  the  Board,  be  incapable  of  protecting  the  health  of  the  people 
of  Lawrence  from  the  effect  of  a  polluted  drinking  water,  and  the  Board 
declines  to  approve  the  proposed  plans. 

Lawrence  (Well  at  City  Hall). 

Juke  2, 19M. 

To  the  Board  of  Health  of  the  City  of  Lawrence ^  Mr.  Boscos  Doblb,  Clerk, 
Gentlemen  :  —  In  response  to  your  request  for  an  examination  of  the 

water  of  a  well  at  the  city  hall  in  Lawrence  and  advice  as  to  its  quality, 

the  Board  has  caused  the  well  and  its  surroundings  to  be  examined  and  a 

sample  of  the  water  to  be  analyzed. 
The  results  of  the  analysis  show  that  the  water,  though  nearly  clear  and 

but  slightly  colored,  is  badly  polluted,  and  a  bacterial  examination  shows 

the  presence  of  bacteria  characteristic  of  sewage. 
In  the  opinion  of  the  Board,  the  use  of  water  from  this  well  would  be 

liable  to  cause  sickness,  and  the  Board  would  advise  that  the  possibility  of 

the  future  use  of  this  water  for  drinking  be  prevented. 

Lawrence  (Brigos  &  Alltn  Manufacturing  Compant). 

Mabgh  3, 1904. 

To  the  Briggs  <fe  Allyn  Manufacturing  Company ^  Lawrence,  Mass.,  Mr.  Lbwis  P.  Collins. 

Agent. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Nov.  2, 
1903,  a  communication  requesting  advice  as  to  the  quality  of  the  water  of 
a  tubular  well  195  feet  deep,  recently  sunk  on  your  premises  at  Lawrence, 
from  which  you  propose  to  take  water  for  drinking  if  the  quality  is  found 
satisfactory ;  and  in  response  to  your  request  the  Board  has  caused  the 
well  and  its  surroundings  to  be  examined  and  several  samples  of  the  water 
to  be  analyzed  chemically  and  bacterially. 

The  results  of  the  analyses  show  that  the  water  has  at  some  time  been 
slightly  polluted,  but  subsequently  well  purified  in  its  passage  through  the 
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groand  before  entering  the  well ;  and  the  Board  is  of  the  opinion  that  while 
its  condition  remains  as  at  present  this  water  may  safely  be  used  for  drink- 
ing. The  water  should  be  analyzed  from  time  to  time,  however ;  and  if 
deterioration  occurs,  its  use  should  be  discontinued. 

Lenox. 

July  7, 1904. 
To  Mr.  WrLLiAM  D.  Curtis,  Treasurer,  Lenox  Water  Company,  Lenox,  Mass, 

Dear  Sir  :  —  The  State  Board  of  Health  has  considered  your  communica- 
tion of  June  21,  1904,  in  which  yon  state  that  organisms  have  reappeared 
in  the  storage  reservoir  from  which  the  supply  of  Lenox  is  drawn,  causing 
the  water  to  have  a  very  disagreeable  taste  and  odor,  and  requesting  advice 
as  to  whether  this  Board  will  recommend  the  application  of  sulphate  of 
copper  to  this  reservoir  for  the  prevention  of  the  trouble. 

The  method  of  treatment  proposed  has  only  recently  been  suggested  as 
a  possible  means  of  removing  the  disagreeable  tastes  and  odors  caused  by 
the  presence  of  Algce  and  similar  water  plants  in  the  waters  of  ponds  u  jd 
reservoirs ;  and  the  tests  which  have  thus  far  been  made,  in  co-operation 
with  the  United  States  Department  of  Agriculture,  have  not  been  carried 
far  enough  to  enable  the  Board  to  advise  you  either  as  to  the  eiUcacy  of 
this  treatment  in  preventing  troubles  from  tastes  and  odors  in  your  reser- 
voir water,  or  as  to  what  effect,  if  any,  this  method  of  treatment  of  a  water 
supply  reservoir  might  have  upon  persons  or  animals  using  the  water  for 
drinking. 

The  statement  contained  in  your  letter,  that  in  one  place  where  this 
method  has  been  tried  a  certain  kind  of  fish  was  killed,  serves  to  indicate 
some  of  the  objections  to  the  use  of  this  method  until  its  effects  have  been 
well  detertnined  by  experiments  with  ponds  and  reservoirs  not  used  as 
sources  of  drinking  water  supply. 

Experiments  have  shown  that  it  is  practicable  to  purify  waters  affected 
by  disagreeable  tastes  and  odors,  such  as  render  the  water  of  the  Lenox 
reservoir  objectionable,  by  filtering  the  water  through  sand ;  and  this 
method  has  the  further  advantage  in  this  case,  that,  if  properly  carried 
out,  it  will  prevent  danger  of  injury  to  the  health  of  those  who  use  the 
water  for  drinking,  which  might  now  be  caused  by  pollution  finding  its 
way  into  the  water  from  the  farm  buildings  and  cultivated  lands  on  this 
water-shed. 

The  Board  believes  that  in  the  case  of  the  Lenox  reservoir  filtration  of 
the  water  will  be,  all  things  considered,  the  best  practicable  method  of  pre- 
venting the  disagreeable  tastes  and  odors  caused  by  organisms,  and  the 
danger  arising  from  possible  pollution  of  the  water  from  the  buildings 
within  the  water-shed. 
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Lenox  (New  York,  New  Haven  &  Hartford  Railroad  Company)  . 

Sept.  1,  19M. 

To  the  Superintenderit  of  the  Berkshire  Division  qf  the  New  York^  New  Haven  &  Hartford 

Railroad  Company. 

Dear  Sir:  —  In  response  to  the  request  of  Mr.  H.  W.  Fenn,  agent  at 
the  Lenox  station  of  the  New  York,  New  Haven  &  Hartford  Railroad 
Company,  for  advice  as  to  the  probable  effect  of  proposed  works  for  the 
disposal  of  the  sewage  of  Lenox,  located  near  the  present  source  of  water 
supply  of  the  station,  upon  the  quality  of  the  water,  the  Board  has  caused 
the  locality  to  be  examined  by  one  of  its  engineers  and  has  caused  samples 
of  the  water  to  be  analyzed. 

It  appears  that  the  supply  is  now  drawn  from  a  spring,  so  called,  near  a 
brook  flowing  near  the  sewage  disposal  area  of  the  town  of  Lenox,  the 
water  being  evidently  derived,  in  part  at  least,  from  the  brook. 

Analyses  of  the  waters  of  the  spring  and  brook  indicate  that  they  have 
been  slightly  polluted,  but  it  does  not  appear  that  the  sewage  or  effluent 
from  the  Lenox  sewage  disposal  works  was  finding  its  way  into  your 
source  of  supply  at  this  time.  The  proposed  new  filters,  if  underdrained 
so  as  to  convey  the  effluent  away  from  the  neighborhood  of  the  brook, 
would  probably  not  affect  your  water  supply ;  but  if  the  lands  near  the 
northerly  limit  of  the  area  owned  by  the  town,  which  appear  to  contain 
better  soil  for  sewage  disposal  than  other  parts  of  the  area,  should  be 
used,  the  Board  is  of  the  opinion  that  your  source  of  water  supply  might 
be  affected. 

LONGMEADOW. 

April  7,  1904. 
To  the  Board  of  Water  Commissioners  of  the  Town  of  Lonffmeadow, 

Gentlemen  :  —  The  State  Board  of  health  received  from  you  on  March 
28,  .1904,  a  petition  for  the  approval  by  this  Board  of  the  taking  of  certain 
lands  in  Longmeadow  for  the  protection  of  the  water  supply  of  the  town, 
accompanied  by  a  plan  and  description  of  the  proposed  takings,  and  the 
Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers  and 
has  considered  the  plan  of  these  areas  presented. 

The  areas  indicated,  with  the  exception  of  very  small  portions,  are  within 
the  water-shed  of  Cooley  Brook,  from  which  the  water  supply  of  Long- 
meadow  is  now  drawn ;  and,  in  the  opinion  of  the  Board,  it  is  essential 
that  the  town  should  control  these  areas  in  order  to  adequately  protect  its 
source  of  water  supply ;  and  the  Board  hereby  approves  the  taking  by  the 
town  of  Longmeadow  of  the  lands  shown  upon  the  plan  submitted  with 
this  application,  said  lands  being  bounded,  measured  and  described  as 

follows :  — 

Daniel  Castle  Tract. 

Beginning  at  a  point  in  the  northerly  line  of  the  Bliss  Road,  and  at  the  division 
line  of  land  of  Daniel  Castle  and  Harriet  M.  Bliss,  and  running  thence  north-east- 
erly along  said  division  line  about  786  feet  to  the  land  of  Ethan  Ely. 
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Thence  south-easterly  along  division  line  of  land  of  Ethan  Ely  and  Daniel 
Castle  about  997  feet  to  a  point. 

Thence  southerly  along  the  divisiou  line  of  land  of  Ethan  Ely  and  Daniel 
Castle  about  415  feet  to  the  northerly  line  of  the  Bliss  Road. 

Thence  westerly  along  the  northerly  line  of  the  Bliss  Road  aboat  1,190  feet  to 
the  point  of  beginning. 

The  above-described  parcel  of  land  contains  about  15.45  acres. 

Ethan  Ely  Trcuit, 

Beginning  at  a  point  on  the  division  line  of  land  of  Judge  Patrick  Casey,  heirs 
6.  Hooker  and  Ethan  Ely,  and  running  thence  easterly  on  the  continuation  of 
the  division  line  of  land  of  said  Casey  and  Hooker  about  1,560  feet  to  a  point. 

Thence  southerly  on  land  of  said  Ethan  Ely  about  968  feet  to  land  of  Daniel 
Castle. 

Thence  north-westerly  along  division  line  of  land  of  said  Daniel  Castle,  Ethan 
Ely  and  Harriet  M.  Bliss,  about  1,837  feet  to  a  point  on  the  division  line  of  lands 
of  said  Ethan  Ely,  Harriet  M.  Bliss  and  town  of  Longmeadow. 

Thence  northerly  along  division  line  of  lands  of  said  Ethan  Ely,  town  of  Long- 
meadow  and  heirs  of  6.  Hooker,  about  421  feet  to  the  point  of  beginning. 

The  above-described  parcel  of  land  contains  about  24.63  acres. 

Heira  of  Oeorge  Hooker  Tract, 

Beginning  at  a  point  on  the  division  line  between  land  of  heirs  of  G.  Hooker 
and  land  of  town  of  Longmeadow,  said  point  being  about  275  feet  distant  easterly 
from  the  easterly  line  of  Main  Street,  and  running  thence  northerly  about  336  feet 
on  land  of  said  Hooker  to  a  point  on  division  line  between  land  of  said  Hooker 
and  land  of  Judge  Patrick  Casey,  said  last-mentioned  point  being  distant  about 
294  feet  easterly  from  the  easterly  line  of  Main  Street 

Thence  easterly  along  division  line  of  lands  of  said  Casey  and  said  Hooker 
about  1,080  feet  to  a  point,  said  point  being  at  the  division  line  of  lands  of  said 
Hooker,  Casey  and  Ethan  Ely. 

Thence  southerly  along  division  line  of  lands  of  said  Hooker  and  Ely  about  320 
feet  to  a  point  in  the  division  line  of  lands  of  said  Hooker,  Ethan  Ely  and  town 
of  Longmeadow. 

Thence  westerly  along  division  line  of  lands  of  said  Hooker  and  said  town  of 
Longmeadow  alK>ut  1,215  feet  to  the  point  of  beginning. 

The  above-described  parcel  of  land  contains  about  8.24  acres. 

Martha  B,  and  Mary  E,  Cooley  Tract. 

Beginning  at  a  point  in  the  division  line  of  land  of  town  of  Longmeadow  and 
land  of  Martha  B.  and  Mary  E.  Cooley,  said  point  being  distant  easterly  about  690 
feet  from  the  easterly  line  of  Main  Street,  and  running  thence  easterly  along 
division  line  of  land  of  said  town  of  Longmeadow  and  land  of  said  Cooley  about 
736  feet  to  a  point,  said  point  being  at  the  division  line  of  land  of  said  town  of 
Longmeadow,  Cooley  and  Harriet  M.  Bliss. 

Thence  south-westerly  along  division  line  of  said  Harriet  M.  Bliss  and  Cooley 
about  360  feet  to  a  point  in  said  division  line. 

Thence  north-westerly  along  said  division  line  about  625  feet  to  a  point. 

Thence  northerly  on  land  of  said  Cooley  about  420  feet  to  the  point  of  beginning. 

The  above-described  parcel  of  land  contains  about  6.27  acres. 
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Harriet  M,  Bliss  Tract. 

Beginning  at  an  angle  point  in  the  northerly  line  of  the  Bliss  Road,  and  running 
thence  northerly  on  land  of  Harriet  M.  Bliss  about  467  feet  to  a  point 

Thence  north-westerly  and  in  range  with  the  southerly  division  line  of  land  of 
Martha  B.  and  Mary  E.  Cooley  and  Harriet  M.  Bliss  about  600  feet  to  a  point  at 
the  south-easterly  comer  of  said  Cooley  land. 

Thence  northerly  along  division  line  of  land  of  Harriet  M.  Bliss,  Cooley  and 
town  of  Longmeadow,  about  767  feet  to  a  point  on  the  division  line  of  land  of 
£than  Ely,  Harriet  M.  Bliss  and  town  of  Longmeadow. 

Thence  south-easterly  along  division  line  of  land  of  Ethan  Ely  and  Harriet  M. 
Bliss  about  840  feet  to  a  point  in  the  division  line  of  land  of  Ethan  Ely,  Daniel 
Castle  and  Harriet  M.  Bliss. 

Thence  south-westerly  along  division  line  of  land  of  Daniel  Castle  and  Harriet 
M.  Bliss,  about  786  feet  to  the  northerly  line  of  the  Bliss  Road. 

Thence  westerly  along  the  northerly  line  of  the  Bliss  Road  about  26  feet  to  the 
point  of  beginning. 

The  above-described  parcel  of  land  contains  about  10.44  acres. 

The  examination  made  by  the  Board  shows  that  there  are  buildings 
within  the  water-shed  of  the  brook  not  included  in  these  takings ;  and  it  is 
very  desirable,  in  the  opinion  of  the  Board,  that  the  town  should  secure 
control  of  such  further  areas  within  the  water-shed  of  this  brook  as  are 
liable  to  become  inhabited. 

Matnard. 

Feb.  4, 1904. 
To  the  Board  of  Water  CommiMioners  and  the  Board  of  Health  of  the  Town  of  Maynard. 

Gentlemen  :  —  The  State  Board  of  Health  is  informed  that  water  for 
the  supply  of  Maynard  has  been  drawn  at  times  during  the  past  year  from 
a  brook  flowing  near  your  pumping  station,  at  a  point  a  short  distance 
above  the  place  where  this  stream  joins  the  Assabet  River. 

The  Assabet  River  at  Maynard  is  seriously  polluted  by  sewage,  and 
there  is  great  danger  that  in  drawing  water  from  the  brook,  polluted  river 
water  may,  under  some  conditions,  be  drawn  into  your  water  supply 
system. 

If  the  supply  of  water  from  White  Pond,  the  source  now  used,  is  in- 
adequate, or  if  the  pipe  which  conveys  the  water  is  too  small  for  the 
requirements  of  the  town,  an  adequate  supply  of  good  water  should  be 
provided  without  delay. 

Feb.  4, 1904. 
To  the  Board  of  Health  of  the  Town  of  Maynard. 

Gentlemen  :  —  Your  attention  is  called  to  the  fact  that,  while  water 
from  the  Maynard  water  works  is  supplied  for  drinking  in  the  mills  of  the 
American  Woolen  Company,  the  polluted  water  of  the  Assabet  River  is 
also  supplied  for  washing  and  other  purposes  in  these  mills ;  and  that  the 
faucets  of  the  two  systems  are  in  many  places  side  by  side  or  close  to- 
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gether,  with  no  adequate  means  by  which  the  operatiyes  may  distingaish 
between  the  town  water  and  the  pollated  river  water. 

An  examination  of  the  causes  of  an  exceptionally  large  number  of  cases 
of  typhoid  fever  among  the  operatives  in  these  mills  recently  showed  that 
the  disease  was  probably  caused  by  the  drinking  of  polluted  river  water 
supplied  in  these  mills.  The  Board  would  advise  that,  if  it  is  necessary 
that  river  water  shall  be  provided  in  these  mills  where  it  may  be  used  for 
drinking,  the  faucets  through  which  it  is  supplied  should  be  marked  in 
such  a  way  that  they  may  be  readily  distinguished  from  those  connected 
with  the  town  supply ;  and  the  operatives  and  others  who  have  access  to 
them  should  be  instructed  as  to  the  danger  of  using  the  water  from  faucets 
connected  with  the  river  supply  for  drinking. 

Merbimac. 

Mabgh  3, 1904. 

To  Hefisn.  Etsbett  D.  Obobgb,  Frank  E.  Pbabb  and  William  L.  Smabt,  Board  of 

Water  Commissianers  of  the  Town  of  Merrimac. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Feb. 
23,  1904,  an  application  for  the  advice  and  approval  of  this  Board,  under 
the  provisions  of  chapter  281  of  the  Acts  of  the  year  1903,  of  a  proposed 
source  of  water  supply,  which  is  described  in  your  application  as  follows :  — 

Ifc  is  proposed  to  develop  a  ground  water  supply  at "  The  Plains.^^  Wells  haye 
been  driven  at  this  place,  sixteen  of  which  have  been  connected  together  and  to  a 
steam  pamp.  A  pumping  test  of  two  weeks^  duration  has  been  made  on  these 
wells,  and  observations  were  taken  during  the  pumping  test  on  six  other  wells 
driven  in  different  locations  in  the  vicinity,  but  not  connected  with  the  pump.  In 
the  final  plan  of  construction  it  is  proposed  to  use  the  sixteen  wells  which  were 
connected  to  the  pump,  driving  others  if  it  is  necessary  to  obtain  a  sufficient 
supply. 

It  is  proposed  to  locate  the  pumping  station  at  such  a  point  that  water  can  be 
drawn  from  EimbalPs  Pond  by  suction  and  pumped  upon  the  land  in  the  vicinity 
of  the  wells,  with  a  view  of  increasing  the  supply  by  natural  filtration  through 
the  ground,  if  the  growth  of  the  town  and  the. consumption  of  water  demand  in 
fntare  a  greater  supply  than  that  naturally  furnished  by  the  wells.  This  water 
will  be  pumped  into  a  stand-pipe  which  will  be  covered  to  exclude  the  light. 

The  location  of  the  wells  already  driven  is  shown  on  a  plan  accompanying  this 
application. 

The  Board  has  already  considered  the  proposed  source  and  the  informa- 
tion available  concerning  the  quantity  and  quality  of  water  to  be  obtained 
therefrom,  in  response  to  an  application  of  a  water  supply  committee  of 
the  town ;  and  on  Jan.  7,  1904,  advised  the  committee  as  follows :  — 

The  Board  has  carefully  examined  the  plans  and  information  submitted  there- 
with, and  the  results  of  analyses  of  numerous  samples  of  water  collected  before 
and  during  the  pumping  test. 


38  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 

The  iDformation  submitted  to  the  Board  shows  that  water  was  pumped  con- 
tinuously from  the  wells  at  a  rate  of  not  less  than  300,000  gallons  per  day  for  a 
period  of  two  weeks,  and  that  during  this  time  the  water  in  the  ground  about  the 
wells  lowered  less  than  2  feet,  and  less  than  a  foot  in  any  of  the  test  wells  in 
which  measurements  were  made ;  and  considering  the  circumstances,  the  Board 
is  of  the  opinion  that  an  adequate  supply  of  water  for  the  present  requirements 
of  Merrimac  can  be  obtained  from  the  ground  where  this  test  was  made. 

It  is  probable  that  a  larger  supply  could  be  obtained,  if  necessary,  by  extend- 
ing the  wells  oyer  a  somewhat  larger  area ;  though  care  will  be  necessary,  in 
locating  new  wells,  to  avoid  using  wells  in  localities  containing  an  excessive  quan- 
tity of  organic  matter  or  iron.  If  in  future,  on  account  of  the  growth  of  the  town 
or  increase  in  the  use  of  water,  a  larger  supply  is  found  necessary  than  wells  in 
this  locality  are  capable  of  furnishing,  a  larger  supply  can  doubtless  be  obtained 
without  special  difficulty  by  filtering  the  water  of  KimbalPs  Pond,  either  in  the 
manner  proposed  in  your  application  or  by  some  other  plan. 

The  quality  of  the  water  of  the  test  wells,  as  shown  by  the  results  of  analyses 
of  numerous  samples  collected  during  the  pumping  test,  is  excellent  for  all  the 
purposes  of  a  public  water  supply ;  and,  if  the  water  shall  be  kept  from  exposure 
to  light  until  delivered  to  consumers,  as  proposed  in  your  plan,  its  quality  should 
remain  satisfactory. 

In  the  opinion  of  the  Board,  the  information  furnished  by  your  recent  tests 
s|iows  that  a  sufficient  supply  of  good  water  for  the  town  of  Merrimac  can  be 
obtained  from  the  ground  at  the  locality  in  which  the  recent  tests  were  made,  and 
the  Board  approves  the  adoption  of  this  source. 

The  Board  hereby  approves  the  use  of  the  proposed  source  of  water  sap- 
ply  for  Merrimac,  under  the  provisions  of  chapter  281  of  the  Acts  of  the 
year  1903. 

MiLLBURT  (E.  G.  Howe). 

July  7,  1904. 
To  Mr.  E.  G.  Hows,  Millbury^  Mass. 

Dear  Sir:  —  In  response  to  your  request  for  an  examination  of  a 
spring  in  Millbury  from  which  you  are  taking  water  to  sell  for  drinking, 
the  Board  has  caused  the  spring  and  its  surroundings  to  be  examined  and 
samples  of  the  water  to  be  analyzed. 

The  results  of  the  recent  analyses  show,  when  compared  with  analyses 
made  in  previous  years,  that  very  little  change  has  taken  place  in  the 
quality  of  the  water,  and,  in  the  opinion  of  the  Board,  this  water  is  safe 
for  drinking  at  the  present  time. 

The  Board  would  advise  that  the  pump  which  has  already  been  connected 
with  the  spring  be  used  in  the  filling  of  all  receptacles  in  the  future,  and 
the  possible  danger  of  the  contamination  of  the  spring,  caused  by  the 
present  method  of  collecting  the  water,  avoided. 

It  is  also  desirable  that  further  provision  be  made  to  prevent  the 
entrance  of  surface  water  from  the  driveway  above  the  spring,  since  it  is 
possible  that,  at  times  of  very  heavy  rain,  water  from  this  driveway  might 
find  its  way  into  the  spring. 
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By  making  the  changes  suggested,  the  water  of  this  spring  may,  in  the 
opinion  of  the  Board,  safely  be  used  for  drinking  while  the  conditions 
about  it  remain  as  at  present. 

Milton  (Houghton  School). 

Not.  3,  1904. 
To  the  Board  of  Health  of  the  Town  of  Milton^  Dr.  A.  W.  Dkapbb,  Secretary, 

Gentlemen  :  —  In  accordance  with  your  request  of  October  20  for  an 
examination  of  the  well  at  the  Houghton  school,  and  advice  as  to  the 
quality  of  the  water,  the  Board  has  caused  the  well  to  be  examined  and 
samples  of  the  water  to  be  analyzed. 

The  well  is  situated  in  the  lower  part  of  the  grounds,  while  the  school 
and  its  outbuildings  ai'e  in  the  higher  portions.  The  water  when  examined 
had  a  disagreeable  odor,  and  the  chemical  and  bacterial  analyses  show  that 
it  is  evidently  being  polluted. 

In  the  opinion  of  the  Board,  the  water  is  unsafe  for  drinking,  and  its 
further  use  as  a  source  of  drinking  water  supply  should  be  prevented. 

Milton  (Leopold  Morse  Home). 

Dec.  1, 1904. 

ro  the  Trustees  of  the  Leopold  Morse  Home,  Mattapan^  Mass.t  Mr.  Solomon  Schindlbb, 

Svperintendent. 

Gentlemen  :  —  In  response  to  your  request  for  an  examination  of  the 
water  of  a  well  upon  the  grounds  of  the  institution  at  Mattapan,  and  advice 
as  to  the  quality  of  the  water,  the  Board  has  caused  an  examination  of  the 
well  to  be  made  and  a  sample  of  the  water  analyzed. 

The  water  is  turbid,  has  an  unpleasant  odor,  and  has  evidently  been 
considerably  polluted  by  sewage  and  not  well  purified  in  its  subsequent 
passage  through  the  ground.  There  are  sources  of  pollution  in  the  neigh- 
borhood of  the  well,  and,  in  the  opinion  of  the  Board,  the  water  is  unsafe 
for  drinking. 

NOSTHAMPTON. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  June  2,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  sources  of 
water  supply  of  the  city  of  Northampton. 

North  Attleborough. 

July  7, 1904. 
To  the  Board  of  Water  Commissioners  of  the  Town  of  North  Attleborough. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  with  reference  to  increasing  the  water  supply  of  North 
Attleborough  by  taking  water  from  a  large  dug  well,  to  be  located  near  the 
Ten  Mile  River  in  Wrentham  below  Fuller  Street,  and  has  caused  the  lo- 
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cality  to  be  examined  by  one  of  its  engineers  and  samples  of  water  from 
test  wells  in  this  region  to  be  analyzed. 

The  information  furnished  to  the  Board  concerning  the  test  wells  re- 
cently driven  in  the  valley  of  the  brook  below  Fuller  Street  indicates  that 
strata  of  fine  material  were  encountered  in  many  of  these  wells,  and  that 
ledge  is  found  not  far  beneath  the  surface ;  so  that  the  indications  fur- 
nished by  many  of  these  wells  are  unfavorable  to  obtaining  water  freely 
from  the  ground  in  such  quantities  as  would  be  necessary  for  the  supply  of 
North  Attleborough. 

The  most  favorable  conditions  were  found  in  two  test  wells  located  a 
little  more  than  half  a  mile  below  Fuller  Street  on  the  easterly  side  of  the 
railroad,  near  the  brook,  a  short  distance  below  the  site  of  an  abandoned 
dam.  The  material  encountered  at  this  place  was  coarse  and  porous  to  a 
considerable  depth,  and  water  could  be  pumped  from  these  wells  very 
freely. 

Samples  of  water  collected  and  sent  in  by  you  from  the  various  wells  all 
contained  considerable  quantities  of  clay  and  sand ;  and  it  is  impracticable 
to  determine  satisfactonly  from  these  samples  the  probable  quality  of  the 
water  obtainable  from  the  ground  in  this  region,  though  the  results  indi- 
cate that  the  water  would  be  of  good  quality  unless  it  should  be  affected 
by  an  excess  of  iron. 

The  Board  would  advise  that  additional  wells  be  put  in  in  the  neighbor- 
hood of  the  test  wells  located  near  the  old  dam,  and  that  a  pumping  test 
be  made  by  pumping  from  these  wells  for  a  period  of  a  week  or  more  at  a 
rate  at  least  as  great  as  would  be  required  for  the  supply  of  North  Attle- 
borough ;  and  that  observations  be  made,  during  this  test,  of  the  effect  of 
the  pumping  upon  the  height  of  the  ground  water  in  the  neighborhood  of 
the  wells.  Samples  of  water  should  also  be  taken  from  time  to  time  dur- 
ing the  test,  in  order  to  determine  its  probable  quality. 

The  Board  will  assist  you  in  these  investigations,  if  you  so  request,  by 
making  the  necessary  analyses  of  samples  of  water,  and  will  give  you  fur- 
ther advice  when  the  results  of  further  tests  are  available. 

Sept.  1,  1004. 

To  the  Water  Commissioners  of  the  Town  of  North  Attleborough^  Mr.  J.  F.  Makikson, 

Chairman. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Aug. 
18,  1904,  an  application  for  advice  with  reference  to  a  proposed  additional 
water  supply  for  the  town  of  North  Attleborough,  accompanied  by  a  state- 
ment of  the  results  of  further  tests  of  the  ground  in  the  neighborhood  of 
the  Ten  Mile  River  above  the  village  of  Plainville  in  Wrenthara,  as  advised 
by  tlie  Board  in  response  to  your  previous  application.  The  tests  are 
described  in  your  application  as  follows  :  — 

The  town  of  North  Attleborough  is  about  completing  a  pumping  test  from  13 
2-inch  driven  wells,  averaging  25.8  feet  deep.     Pumping  was  begun  Aug,  6, 1904, 
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and  has  been  eontinuoas  siDce  the  morning  of  August  6.  It  is  proposed  to  close 
the  test  at  5  p.m.  to-day,  August  17,  a  total  of  about  two  hundred  and  seventy- 
four  hours. 

The  pumpage  at  the  start  was  at  the  rate  of  about  870,000  gallons  per  twenty- 
four  hours,  but  has  been  increased,  so  that  for  the  latter  part  of  the  test  it  has 
been  at  the  rate  of  788,000  for  several  days. 

Readings  of  the  depth  over  a  SO-inch  weir  have  been  taken  every  fifteen  min- 
utes. Records  of  the  height  of  the  water  in  an  observation  well,  located  in  the 
immediate  vicinity  of  the  12  wells  pumped  from,  have  also  been  made.  At  the 
beginning  the  water  stood  15f  inches  below  the  top  of  the  pipe  of  the  test  well, 
which  is  14|  inches  above  the  surface  of  the  ground ;  at  the  close  of  the  test  the 
water  stood  49i  inches  below  the  top  of  the  pipe. 

The  temperature  by  a  standard  thermometer,  at  10  a.m.,  August  15,  of  the  water 
at  the  weir  tank,  was  6\^ ;  Ten  Mile  River  at  same  time,  59^ ;  air,  80^. 

Samples  of  water  from  the  weir  tank,  representing  a  mixture  from  all  the  12 
wells,  have  been  sent  you  for  analysis  every  day. 

Several  samples  of  water  collected  and  sent  in  by  you  from  time  to  time 
during  the  test  have  been  analyzed  by  the  Board,  and  the  Board  has  also 
cansed  the  locality  to  be  examined  by  one  of  its  engineers. 

The  resnlts  of  observations  npon  the  height  of  water  in  a  well  near  the 
test  wells  show  that  the  ground  water  went  down  rapidly  in  the  beginning 
of  the  test,  but  more  slowly  later,  even  when  a  larger  quantity  of  water 
was  being  drawn,  and  the  recovery  of  the  water  after  pumping  had  ceased 
was  rapid ;  and,  judging  from  the  results  of  the  observations  submitted, 
the  Board  is  of  the  opinion  that  it  is  practicable  to  obtain  from  the  ground 
at  this  place  a  large  quantity  of  water,  sufficient  to  meet  the  requirements 
of  North  Attleborough  in  the  matter  of  water  supply  for  a  long  time  in  the 
future,  unless  the  increase  in  the  use  of  water  shall  be  at  a  materially 
greater  rate  than  in  the  past  ten  years. 

The  results  of  the  analyses  of  samples  of  water  collected  during  the  test 
show  that  the  water  is  clear,  colorless  and  odorless,  and  otherwise  of  ex- 
cellent quality  for  the  purposes  of  a  public  water  supply.  A  portion  of 
the  test  wells,  however,  were  located  in  the  low  land  close  to  the  brook, 
where  there  is  in  some  places  a  depth  of  several  feet  of  mud.  It  will  be 
necessary,  in  order  to  avoid  danger  of  deterioration  in  the  quality  of  the 
water,  to  locate  the  permanent  works  in  the  upland  farther  from  the  stream, 
and  this  can  be  done  without  special  difficulty. 

While  the  wells  are  located  at  no  great  distance  from  the  village  of 
Wrentham,  it  is  unlikely  that  the  quality  of  the  water  will  be  noticeably 
affected  by  sewage  discharged  upon  or  into  the  ground  in  this  village, 
unless  the  territory  nearer  the  wells  should  become  populated.  If  the 
village  should  have  a  tendency  in  the  future  to  grow  in  the  direction  of 
the  wells,  it  would  be  desirable  for  the  town  of  North  Attleborough  to 
secure  control  of  lands  in  the  neighborhood  of  the  wells  before  the  region 
becomes  more  thickly  populated. 
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In  the  opinion  of  the  Board,  water  of  excellent  quality  can  be  obtained 
from  the  ground,  in  the  locality  in  which  the  recent  tests  were  made,  by 
means  of  tubular  wells  or  other  suitable  works,  and  the  quantity  obtain- 
able would  form  a  large  addition  to  the  available  water  supply  of  the  town. 

NORTHBOROUGH    (ALMSHOUSE) . 

Mat  6. 1904. 
To  the  Board  of  Selectmen  and  Overseers  of  the  Poor^  Northborough^  Mass, 

Gentlemen  :  —  In  accordance  with  a  request  of  the  State  Board  of  Charity 
for  an  examination  of  the  condition  of  a  well  used  as  a  source  of  water 
supply  at  the  almshouse  in  Northborough,  the  State  Board  of  Health  has 
caused  the  well  and  its  surroundings  to  be  examined  and  a  sample  of  the 
water  to  be  analyzed. 

The  results  of  the  analysis  show  that  this  water  is  very  foul,  having  evi- 
dently been  grossly  polluted  by  sewage  from  the  house,  and  probably  also 
by  foul  drainage  from  other  sources  in  the  neighborhood. 

The  Board  would  advise  that  the  possibility  of  further  use  of  water  from 
this  well  for  any  purpose  be  prevented,  and  that  a  supply  of  water  be 
provided  from  an  unpolluted  source. 

Peabody. 

Mat  5,  1901. 

To  the  Committee  on  Water  Supply  of  the  Town  of  Peabody,  Mr.  H.  P.  Walkbs,  Chairman. 

Gentlemen  :  —  In  response  to  your  request  for  the  consent  and  approval 
of  the  State  Board  of  Health,  under  the  provisions  of  chapter  185  of  the 
Acts  of  the  year  1904,  for  the  taking  of  certain  lands  bordering  Spring 
Pond  in  the  town  of  Peabody,  the  Board,  in  accordance  with  the  provisions 
of  the  above-mentioned  act,  gave  a  public  hearing  at  its  office,  room  141, 
State  House,  on  Thursday,  April  28,  1904,  notice  of  which  was  given  by 
publication  in  a  newspaper  published  in  the  city  of  Salem. 

After  this  hearing  the  Board  voted  to  approve  the  taking  of  certain  lands 
in  the  water-shed  of  Spring  Pond  in  the  town  of  Peabody,  described  as 
follows :  — 

Estate  of  R,  8,  Fay,  Orantor.     Town  of  Peabody,  Chantee, 

A  certain  parcel  of  land  situated  in  Peabody,  and  bounded  and  described  as 
follows :  — 

Beginning  at  a  point  at  the  angle  of  Spring  Pond  dam,  so  called,  and  running 
N.  24^  W  W.  by  land  of  grantee  fifty-five  feet  more  or  less  to  a  stone  wall ;  thence 
N.  76°  IC  W.  along  said  wall  by  land  of  Wm.  Brovrn  two  hundred  thirty-three 
feet  more  or  less ;  thence  S.  38°  SC  W.  by  land  of  grantor  nine  hundred  seventy 
feet  more  or  less  to  a  point  on  a  stone  wall ;  thence  S.  76°  25'  E.  along  said  wall 
by  land  of  F.  L.  Newhall  a  distance  of  one  hundred  and  sixty  feet  more  or  less  to 
the  shore  of  Spring  Pond ;  thence  north-easterly  along  shore  of  said  pond  to  the 
point  of  beginning,  and  containing  three  and  eighty-two  one  hundredths  (3.82±) 
acres  more  or  less. 
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Estate  ofF.  L,  NewhaU^  Grantor,    Town  of  Peabody^  Orantee, 

A  certain  tract  or  parcel  of  land  situated  in  the  town  of  Peabody,  and  bounded 
and  described  as  follows :  — 

Beginning  at  a  stone  monument  on  the  west  shore  of  Spring  Pond,  which  is  the 
intersection  of  the  division  lines  between  the  town  of  Peabody  and  the  cities  of 
Lynn  and  Salem,  and  running  along  a  stone  wall  between  said  Lynn  and  Peabody 
a  distance  of  two  hundred  and  seventy  feet  more  or  less  by  land  of  R.  S.  Fay  and 
Isaiah  Graves ;  thence  N.  24^  !(/  W.  by  land  of  grantor  a  distance  of  five  hundred 
ninety-three  (598^:)  feet  more  or  less  to  a  point;  thence  N.  72°  36^  £.  by  land  of 
grantor  nine  hundred  thirty  feet  more  or  less  to  a  point ;  thence  N.  80^  35'  £.  by 
land  of  grantor  a  distance  of  four  hundred  forty-four  (444±)  feet  more  or  less 
to  a  point  on  a  stone  wall ;  thence  S.  76°  26^  £.  along  said  wall  by  land  of  now  or 
formerly  R.  S.  Fay  a  distance  of  one  hundred  sixty  (160±)  feet  more  or  less  to 
the  shore  of  Spring  Pond ;  thence  along  the  shore  of  Spring  Pond  in  a  south- 
westerly and  south-easterly  direction  to  the  point  of  beginning ;  and  containing 
twelve  and  nine-tenths  (I2.9±)  acres  more  or  less. 

PSABODT    (F.    T.    MoORB). 

Oct.  6, 1904. 
To  Mr.  F.  T.  Mooss,  589  Essex  Street,  Lynn,  Mass. 

Deab  Sir:  —  In  response  to  your  request  of  August  81  for  an  exam- 
ination of  the  water  of  a  well  on  Lowell  Street  in  West  Peabody,  from 
which  you  state  it  is  your  intention  to  sell  water  for  drinking  and  family 
use  if  the  quality  is  satisfactory,  the  State  Board  of  Health  has  caused 
the  well  and  its  surroundings  to  be  examined  and  a  sample  of  the  water 
to  be  analyzed. 

The  results  of  this  analysis  show  that  the  water  has  at  some  time  been 
polluted,  and  has  not  been  purified  before  entering  the  well,  the  sample 
containing  a  larger  quantity  of  organic  matter  and  a  larger  number  of 
bacteria  than  are  found  in  ground  waters  from  unpolluted  regions.  There 
are  buildings  in  the  immediate  neighborhood  of  the  well  from  which  the 
pollution  is  evidently  derived,  and,  in  the  opinion  of  the  Board,  this  well 
is  not  a  safe  source  of  water  supply. 

Plymouth. 

Feb.  4, 1904. 
To  the  Board  of  Water  Commissioners  of  the  Town  of  Plymouth, 

Gentlemen:  —  In  response  to  the  request  from  your  office  received 
January  1 1 ,  for  an  examination  of  the  water  of  Great  South,  Little  South 
and  Lout  ponds,  which  you  state  is  at  present  affected  by  a  bad  taste  and 
odor,  and  advice  as  to  its  quality,  the  Board  has  caused  the  sources  men- 
tioned to  be  examined  and  samples  of  their  waters  to  be  analyzed. 

The  results  of  the  analyses  show  that  the  offensive  taste  and  odor  of  the 
water  at  the  present  time  are  due  to  the  presence  of  the  organism  Vroglena 
in  the  waters  of  Little  South  and  Lout  ponds.    The  cause  of  the  appear- 
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ance  of  this  organism  in  water  is  not  known,  and  the  Board  knows  of  no 
practicable  method  of  preventing  its  appearance  and  growth  in  the  waters 
of  ponds  and  reservoirs  used  as  sources  of  public  water  supply.  Water 
containing  this  organism  is  not  known  to  be  dangerous  to  health  if  used 
for  drinking,  but  the  offensive  fishy  and  oily  odor  which  the  organism 
imparts  to  water  frequently  renders  it  unfit  for  this  purpose. 

In  response  to  an  application  from  the  water  commissioners  of  Plymouth 
in  1895  for  advice  as  to  the  best  method  of  preventing  the  objectionable 
conditions  resulting  from  the  presence  of  this  organism  in  the  water  supply 
of  Plymouth,  and  of  improving  the  quality  of  the  water,  the  Board  advised 
that  the  conditions  in  the  vicinity  of  the  ponds  from  which  your  present 
supply  is  drawn  appear  to  be  favorable  for  obtaining  water  freely  from  the 
ground  by  means  of  wells  or  filter-galleries,  and  advised  that  you  make  an 
investigation  as  to  the  practicability  of  obtaining  a  water  supply  for  the 
town  by  this  plan  and  avoid  the  direct  use  of  water  from  the  ponds.  A 
copy  of  this  communication  is  enclosed  herewith. 

The  Board  would  again  advise  that  you  investigate  the  practicability  of 
securing  a  supply  of  ground  water  for  the  town,  and  avoid  the  frequent 
trouble  from  offensive  tastes  and  odors  in  the  water  supply  of  the  town, 
resulting  from  the  presence  in  the  water  of  Vroglena  and  other  organisms. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  May  5,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  sources 
of  water  supply  of  the  town  of  Plymouth. 

Randolph  and  Holbrook. 

Under  the  provisions  of  section  118  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  July  7,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  waters  of 
Great  Pond  and  its  tributaries,  used  by  the  towns  of  Randolph  and  Hoi 
brook  as  a  source  of  water  supply. 

Shelbcrnb. 

July  7, 1904. 

To  the  Committee  on  Water  Supply  of  the  Shelbume  FalU  Fire  District^  Mr.  W.  S.  Ball, 

Chairman, 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  with  reference  to  the  use  of  Clark  Brook  in  the  town  of 
Buckland  as  a  source  of  water  supply  for  the  Shelburne  Falls  Fire  District, 
and  has  caused  the  water-shed  of  this  stream  to  be  examined  by  one  of  its 
engineers  and  several  samples  of  the  water  to  be  analyzed. 

The  water,  as  shown  by  these  analyses,  is  naturally  of  good  quality  for 
the  purposes  of  a  public  water  supply,  but  the  water-shed  of  the  brook  is 
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found,  upon  examination,  to  contain  several  groups  of  farm  buildings, 
some  of  which  are  located  close  to  the  stream ;  and  if  this  brook  should  be 
used  as  a  source  of  public  water  supply,  it  would  be  difficult  to  prevent 
the  pollution  of  the  water  by  sewage  and  other  wastes  from  these  build- 
ings. If  the  buildings  nearest  the  stream  and  its  tributaries  should  be 
secured  by  the  fire  district,  which  might  perhaps  be  done  at  a  reasonable 
expense,  the  Board  is  of  the  opinion  that  this  stream  could  safely  be  used 
as  a  source  of  public  water  supply. 

No  definite  information  is  available  as  to  the  fiow  of  Clark  Brook  in  the 
drier  portion  of  the  year;  but  it  appears,  from  an  examination  of  the 
water-shed,  that  it  is  practicable  to  build  a  reservoir  of  considerable  size  in 
this  valley  if  necessary,  and  an  adequate  supply  of  water  for  Shelburne 
Falls  can  evidently  be  obtained  from  this  water-shed. 

In  view  of  the  possible  objections  to  the  use  of  Clark  Brook  as  a  source 
of  public  water  supply,  the  Board  has  caused  examinations  to  be  made  of 
other  streams  in  the  neighborhood  of  Shelburne  Falls. 

Examinations  of  the  waters  of  Wilder  River,  so  called,  in  the  town  of 
Colrain,  show  that  the  water  of  this  source  is  much  softer  than  that  of 
Clark  Brook  or  any  of  the  other  brooks  that  were  examined  in  this  region ; 
but  this  water-shed  also  contains  a  considerable  population,  and  the  source 
has  the  disadvantage  that  it  is  located  at  a  considerably  greater  distance 
from  the  village  than  is  Clark  Brook. 

Dragon  and  Sluice  brooks  in  Shelburne  were  also  examined.  Sluice  Brook 
having  a  decided  advantage  over  Dragon  Brook  in  the  quality  of  its  water 
and  in  other  respects.  Tl;e  water-shed  of  Sluice  Brook  contains  about 
the  same  population  as  that  of  Clark  Brook ;  but  the  buildings  are  situated 
at  greater  distances  from  the  streams,  and  the  water  could  probably  be 
protected  from  pollution  with  less  difficulty  and  expense  than  in  the  case 
of  Clark  Brook.  The  area  of  the  water-shed  is  about  the  same  as  that  of 
Clark  Brook,  but  the  stream  is  about  three-fourths  of  a  mile  farther  from 
the  village. 

A  tributary  of  Bear  River  in  the  southerly  part  of  Buckland  was  also 
examined.  The  waters  of  this  stream  might  be  taken  at  a  point  above  a 
highway  in  the  north-easterly  part  of  the  town  of  Ashfield,  and  the  drain- 
age area  above  this  point  is  somewhat  greater  than  that  of  Clark  Brook. 
The  water-shed  of  the  stream  contains  but  three  dwelling  houses,  which 
are  located  well  away  from  the  streams,  and  this  water-shed  could  be  more 
easily  protected  from  pollution  than  any  of  the  others  examined.  Its 
water  is  of  about  the  same  quality  as  that  of  Clark  Brook,  but  the  distance 
from  the  village  is  greater,  and  a  pipe  line  about  one  and  three-fourths 
miles  longer  would  be  required  if  this  source  should  be  used. 

The  Board  is  of  the  opinion  that  Clark  Brook  would  be  an  appropriate 
source  of  supply  for  Shelburne,  provided  the  dwelling  houses  and  build- 
ings which  are  located  near  the  streams  in  this  water-shed  could  be  pur- 
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chased  and  removed,  and  danger  of  pollution  from  these  places  prevented  ; 
and,  in  estimating  the  cost  of  a  supply  from  this  source,  the  cost  of  the 
purchase  and  removal  of  these  buildings  should  be  included.  Under  the 
circumstances,  the  cost  of  a  supply  from  this  source  might  be  greater  than 
the  cost  of  a  supply  from  the  tributary  of  Bear  River  or  from  Sluice  Brook ; 
and  the  Board  would  advise,  therefore,  that  a  careful  estimate  be  made  of 
the  probable  cost  of  works  from  each  of  those  sources,  including  the  prob- 
able cost  of  adequate  protection  of  the  waters  from  pollution. 

When  the  results  of  further  investigations  are  available  the  Board  will, 
upon  application,  give  you  further  advice  in  this  matter. 

Shrewsbury. 

Mat  6, 19M. 

To  Messrs.  H.  A.  Matnabd,  R.  B.  Allbn  and  W.  H.  Rice,  Water  Co7nmU9ioners  of  the 

Town  of  Shrewsbury. 

Gentlemen  :  —  In  response  to  your  request  of  April  21  for  the  approval 
by  this  Board  of  a  certain  source  of  water  supply  for  the  town  of  Shrews- 
bury, the  Board  has  caused  the  source  indicated  by  you  —  a  well  located 
in  the  rear  of  one  of  the  schoolhouses  and  near  the  public  library  in  Shrews- 
bury —  to  be  examined  by  one  of  its  engineers  and  a  sample  of  the  water 
to  be  analyzed. 

It  appears  from  the  information  available  to  the  Board  that  this  well  was 
sunk  chiefly  in  rock,  and  the  conditions  are  such  that  it  is  very  doubtful 
whether  the  quantity  of  water  which  the  source  will  yield  would  be  sufficient 
for  the  requirements  of  the  village  in  the  drier  portions  of  the  year. 

The  results  of  an  analysis  of  a  sample  of  th^  water  of  the  well  show  that 
it  contains  an  excessive  quantity  of  iron,  which  would  make  it  very  objec- 
tionable for  many  domestic  purposes,  and  that  it  has  been  polluted  by  sew- 
age and  not  thoroughly  purified ;  and  the  Board  does  not  approve  the  use 
of  this  well  as  a  source  of  water  supply  for  Shrewsbury. 

There  are  several  localities  in  the  neighborhood  of  the  village  from  which 
it  may  be  practicable  to  obtain  an  adequate  supply  of  good  water  by  means 
of  tubular  wells,  and  the  Board  would  advise  that  further  tests  be  made, 
with  a  view  to  obtaining  a  supply  of  good  water  from  the  ground.  It  is 
not  advisable  to  attempt  to  secure  water  by  sinking  wells  in  i-ock  or  in  very 
compact  soil. 

SOMERVILLE    (M.    W.    GaRR    &   Co.). 

Oct.  6, 1904. 
To  Messrs.  M.  W.  Cakb  &  Co.,  SomerviUe,  Mass, 

Gentlemen:  —  In  response  to  your  request  for  an  examination  of  the 
water  of  a  cistern  and  two  tubular  wells  located  at  your  factory,  from 
which  water  is  used  for  drinking  and  other  purposes,  the  State  Board  of 
Health  has  caused  the  sources  indicated  to  be  examined  and  samples  of 
their  waters  to  be  analyzed. 
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The  large  well  is  used  as  a  cistern  for  the  storage  of  roof  water,  and 
when  examined  eyidently  contained  much  rain  water.  The  water  was 
found  to  contain  an  excessive  quantity  of  organic  matter,  and  is  not,  in 
the  opinion  of  the  Board,  suitable  for  drinking. 

The  tubular  wells  are  located  in  a  populous  region,  and  the  water  has 
at  some  time  been  considerably  polluted ;  and,  although  well  purified  in 
its  subsequent  passage  through  the  ground,  it  is  very  hard,  and  is  not  a 
desirable  drinking  water.  The  quality  of  such  waters  is  liable  to  deterio- 
rate with  a  change  in  the  conditions  affecting  tlieir  pollution,  and  the 
Board  cannot  advise  the  use  of  these  wells  as  sources  of  drinking  water 
supply. 

Springfield. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  June  2,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  waters  of 
Jabish,  Broad  and  Axe  Factory  brooks,  Ludlow  reservoir,  Chapin  and  Five 
Mile  ponds  and  their  tributaries,  used  by  the  city  of  Springfield  as  sources 
of  water  supply. 

L'nder  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
roles  and  regulations  were  made  by  the  Board,  on  Nov.  3,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  waters  of 
Higher  Brook  and  the  lower  basin  of  Van  Horn  reservoir  and  their  tribu- 
taries, used  by  the  city  of  Springfield  as  sources  of  water  supply. 

July  7, 1904. 

To  the  Board  of  Water  Commiwioners  of  the  City  of  Springfield^  Mr.  C.  L.  Goodhue, 

Chairman, 

Gentlemek  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion of  June  20  for  infoimation  as  to  the  quality  of  the  waters  of  Chapin 
and  Five  Mile  ponds  in  the  city  of  Springfield,  and  advice  as  to  whether 
these  ponds  are  suitable  for  use  as  sources  of  water  supply  for  the  city  at 
the  present  time,  and  has  caused  the  ponds  and  their  surroundings  to  be 
examined  by  its  engineer. 

These  ponds  have  already  been  used  as  sources  of  water  supply  for  the 
city  of  Springfield  from  time  to  time  for  several  years,  and  many  analyses 
of  their  waters  have  been  made  during  the  last  seven  years,  the  results  of 
which  show  that  the  waters  of  both  sources  are  soft  and  nearly  colorless, 
and  otherwise  naturally  of  good  quality  for  the  purposes  of  a  public  water 
supply. 

Experience  in  the  use  of  these  waters  has  already  shown  that  they  are 
affected  occasionally  by  disagreeable  tastes  and  odors,  due  to  the  presence 
of  certain  microscopic  organisms  which  are  present  at  times  in  considerable 
numbers  in  these  waters ;  but  waters  affected  in  this  way  are  not  known  to 
be  injurious  to  health  when  used  for  drinking  or  cooking. 


48  STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 

Each  of  these  ponds  is  situated  iu  a  sandy  plain,  and  the  limits  of  their 
water-sheds  are  indefinite.  The  water-shed  of  Chapin  Pond  may  possibly 
contain  one  dwelling-house ;  but  the  circumstances  are  such  that  it  is  im- 
probable that  polluting  matters  deposited  in  or  upon  the  ground  at  this 
place  could  find  their  way  into  the  pond,  unless  by  percolation  for  a  long 
distance  through  the  ground,  in  which  case  they  would  undoubtedly  be 
thoroughly  purified. 

The  only  danger  of  pollution  to  which  this  source  appeal's  to  be  exposed 
at  the  present  time  is  that  which  may  be  caused  by  visitors,  chiefly  in  the 
summer  season,  who  resort  to  the  pond  for  bathing,  fishing,  etc. ;  and 
danger  of  the  pollution  of  the  water  from  this  cause  can  be  prevented  with- 
out diflSculty. 

The  water-shed  of  Five  Mile  Pond  contains  two  dwelling  houses,  and  it 
is  possible  that  the  ground  water  from  the  neighborhood  of  a  third  dwelling 
house,  including  adjacent  bams  and  out-buildings,  may  percolate  towaixi 
the  pond.  When  the  two  dwelling  houses  nearest  the  pond  were  examined, 
the  sewage  and  drainage  were  being  cared  for  in  vaults  and  cesspools ;  and 
the  conditions  are  such  that  it  is  improbable  that  polluting  matters  from 
these  premises  find  their  way  into  the  pond,  unless  by  percolation  through 
the  ground,  in  which  case  they  would  undoubtedly  be  well  purified  before 
entering  the  pond.  Drainage  from  the  third  dwelling  house,  together  with 
the  out-buildings,  if  it  enters  the  pond  at  all,  must  percolate  for  a  much 
longer  distance  through  the  ground  than  from  the  other  two  places.  There 
appears  to  be  no  danger,  under  present  conditions,  of  the  pollution  of  the 
pond  from  any  of  these  premises  in  such  a  manner  as  to  render  the  water 
injurious  or  unsafe  for  drinking. 

The  arm  of  the  pond  near  which  the  dwelling  houses  are  situated  is 
shallow,  and  contains  a  considerable  growth  of  lilies  and  other  organic 
matters,  which  doubtless  have  an  unfavorable  effect  upon  the  quality  of 
the  water ;  and  it  is  desirable  to  cut  off  this  arm  from  the  i*emainder  of  the 
pond  by  means  of  a  dike,  as  you  have  suggested. 

There  is  a  picnic  ground  upon  the  shore  of  Five  Mile  Pond,  and  the 
pond  is  used  to  some  extent  as  a  resort  for  boating  and  fishing ;  and  the 
only  serious  danger  of  pollution  of  the  waters  of  this  source  at  the  present 
time  is  that  which  might  be  caused  by  this  use  of  the  pond  and  its  shores. 

In  the  opinion  of  the  Board,  there  are  no  conditions  existing  about 
Chapin  or  Five  Mile  ponds,  or  within  the  water-shed  of  either  pond,  which 
would  render  the  water  of  these  sources  unsafe  for  drinking  if  existing 
laws  and  regulations  are  enforced. 

Aug.  8, 1901. 
To  the  Board  of  Water  Commissioners  of  the  City  of  Springfield, 

Gentlemen  :  — Your  communication  of  June  1,  1904,  requesting  the  ad- 
vice of  the  State  Board  of  Health  as  to  a  proposed  experiment  at  the  Lud- 
low resei'voir  for  the  removal  of  the  organisms  which  render  that  source 
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objectionable,  to  be  made  under  the  direction  of  this  Board,  in  co-operation 
with  Dr.  Greoi^e  T.  Moore  of  the  United  States  Department  of  Agriculture, 
has  been  considered  by  the  Board. 

At  the  time  your  request  was  received  Anabcena  had  not  yet  appeared 
in  considerable  numbers  either  in  Ludlow  reservoir  or  in  any  source  avail- 
able for  experiment.  About  the  middle  of  July  the  organism  began  to  ap- 
pear in  large  numbers  in  the  Belchertown  reservoir,  formerly  a  part  of  your 
system  of  water  supply,  but  not  now  used ;  and  arrangements  were  then 
made  witb  Dr.  Moore  to  make  an  experiment  as  to  the  effect  of  treating 
this  reservoir  with-  copper  sulphate  for  the  removal  of  the  Anabcena^  and  a 
solution  of  copper  was  applied  to  the  reservoir  under  the  direction  of  Dr. 
Moore  July  21.  Many  samples  of  the  water  were  collected  for  analysis 
from  the  reservoir  before  treatment,  and  again  twenty-four  hours  after  the 
treatment,  and  other  samples  have  been  collected  since  that  time.  The 
numbers  of  Anabcena  present  in  the  water  decreased  materially  within 
twenty-four  hours  after  the  copper  sulphate  was  applied,  and  the  organism 
subsequently  disappeared  from  the  reservoir ;  but  the  quantity  of  copper 
remaining  in  the  water  twenty-four  hours  after  the  treatment  was  found  to 
be  nearly  equivalent  to  the  quantity  applied. 

The  Board  regards  it  as  essential  to  determine  what  becomes  of  the  cop- 
per before  applying  it  to  a  reservoir  used,  or  liable  to  be  used,  as  a  source 
of  drinking-water  supply ;  and  the  Board  cannot  advise  the  application  of 
this  substance  to  the  water  of  the  Ludlow  reservoir  until  its  probable  effect 
is  more  definitely  known.  Abandoned  reservoirs  are  available  and  are 
being  used  by  the  Board  for  further  investigation,  and  other  necessary  ex- 
periments are  being  made ;  but  from  present  appearances  safe  conclusions 
can  hardly  be  reached  for  use  during  the  present  season. 

Springfield  (Springs). 

July  7, 1904. 
To  the  Board  of  Health  of  the  City  of  Springfield,  H.  C.  EuxasoN,  M.D.,  Clerk. 

Gentlemen  :  —  In  response  to  your  request  for  advice  as  to  the  safety 
for  drinking  purposes  of  the  water  of  the  Hygeia  Spring,  the  Massasoit 
Spring,  the  Iroquois  Spring  and  the  Wilbraham  Mountain  Spring,  from 
which  it  is  proposed  to  distribute  water  for  drinking  in  the  city  of  Spring- 
field, the  Board  has  caused  the  springs  to  be  examined  and  samples  of 
their  waters  to  be  analyzed. 

No  change  appears  to  have  taken  place  in  the  conditions  about  the  Hygeia 
Spring,  and  the  results  of  an  analysis  of  a  sample  of  water  show  that  its 
condition  remains  about  the  same  as  at  the  time  of  the  previous  examina- 
tion last  year.  The  water  entering  this  source  has  at  some  time  been  con- 
siderably polluted  and  subsequently  well  purified  in  its  passage  through 
the  ground,  and  in  its  present  condition  is  probably  safe  for  drinking. 

The  water  of  the  Massasoit  Spring  is  also  found  to  be  of  about  the  same 
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quality  as  at  the  time  the  previous  examination  was  made.  The  conditions 
about  this  spring  remain  the  same  as  at  the  time  of  the  previous  examina- 
tion, and  this  source  continues  to  be  exposed  to  danger  of  pollution  by 
visitors,  as  in  former  years. 

The  water  of  the  Iroquois  Spring  shows,  upon  analysis,  an  improvement 
in  many  respects  over  its  condition  at  previous  times,  and  the  conditions 
about  the  spring  have  also  been  materially  improved  by  the  construction  of 
a  building  to  prevent  access  to  the  spring  by  visitors. 

The  water  of  the  Wiibraham  Mountain  Spring  has  slightly  improved 
since  the  previous  analysis  was  made,  but  the  conditions  about  the  spring 
remain  the  same  as  at  the  time  of  the  previous  examination.  It  is  desirable 
that  the  present  method  of  collecting  water  from  the  spring  be  changed, 
and  that  the  spring  be  covered  and  all  water  drawn  by  means  of  a  pump 
or  pipe,  so  arranged  that  the  waste  water  or  water  polluted  in  handling  may 
not  flow  back  into  the  spring. 

The  Board  would  call  attention  to  the  fact  that  spring  waters  are  in 
many  cases  contaminated  in  the  process  of  collection  and  delivery  to  con- 
sumers, and  that  it  is  important  that  danger  of  contamination  from  these 
causes  should  be  guarded  against. 

Stockbridge. 

March  3,  1904. 
To  Arthur  Lawrence,  D.D.,  and  others,  Stockbridge^  Mass. 

Gentlemen  :  —  In  response  to  your  request  for  an  examination  by  this 
Board  of  the  condition  of  the  water  supply  of  the  town  of  Stockbridge, 
and  information  as  to  methods  by  which  the  quality  of  the  water  can  be 
improved,  the  Board  has  caused  Lake  Averic,  the  source  of  supply,  to  be 
examined  by  one  of  its  engineers,  and  has  examined  the  results  of  many 
analyses  of  this  water  made  within  the  past  few  years. 

The  water-shed  of  Lake  Averic  is  uninhabited,  and  the  source  is  free 
from  danger  of  sewage  pollution.  The  water  has  generally  but  little 
color,  and  the  quantity  of  organic  matter  present  in  the  water,  as  shown 
by  the  analyses,  is  not  excessive  for  a  surface  water.  The  results  of  the 
examinations  show  that  the  water  supplied  to  the  town  is  frequently 
affected  by  the  presence  of  Uroglena  and  other  organisms  of  kinds  which 
impart  to  water  an  offensive  taste  and  odor,  rendering  it  objectionable  for 
drinking  and  other  uses,  and  it  is  probable  that  the  objectionable  quality 
of  the  water  supplied  to  Stockbridge  is  due  chiefly  to  the  presence  of  such 
organisms. 

The  microscopic  organisms  and  the  disagreeable  tastes  and  odors  could 
be  removed  from  this  water  by  filtration  through  sand,  at  no  great  difll- 
culty  or  expense ;  and  this  is  the  best  practicable  plan,  in  the  opinion  of 
the  Board,  of  improving  the  quality  of  the  water  supply  of  the  town  of 
Stockbridge.     The  head  available  between  the  pond  and  the  pumping  sta- 
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tioD  is  ample  to  allow  for  filtration  of  the  water ;  and  if  sand  filters  5  feet 
in  depth,  having  an  area  of  about  one-tenth  of  an  acre,  should  be  con- 
stnicted  in  this  neighborhood,  all  of  the  water  supplied  to  the  town  could 
be  filtered  and  rendered  satisfactory  at  all  times,  and  the  Board  would 
advise  the  adoption  of  this  method  for  the  purification  of  the  water  supply 
of  Stockbridge.  The  filters  should  be  designed  and  constructed  under  the 
direction  of  an  engineer  of  experience  in  the  construction  of  such  works. 

UXBRIDGE. 

July  7,  1904. 
To  the  Water  Committee  of  the  Town  of  Uxbridge. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  May 
24  an  application  for  advice  with  reference  to  an  additional  water  supply 
for  the  town  of  Uxbridge,  in  which  your  proposed  plan  is  described  as 
follows :  — 

The  town  of  Uxbridge  proposes  to  increase  its  water  supply  by  the  addition  of 
ground  water  from  the  valleys  of  Crony  and  Cold  Spring  brooks  and  well  on 
Douglas  Street,  —  all  of  the  above,  or  either  of  them. 

Subsequently  tests  were  made  in  the  valley  of  Crony  and  Cold  Spring 
brooks  and  in  the  valley  of  Williams  Hill  Brook,  a  tributary  of  Cold  Spring 
Brook,  to  determine  the  practicability  of  obtaining  a  ground-water  supply 
in  either  of  these  valleys.  Samples  of  water  from  the  test  wells  were 
collected  and  sent  in  by  you  while  the  tests  were  in  progress. 

The  Board  has  caused  these  samples  of  water  to  be  analyzed  and  an 
examination  of  the  localities  indicated  by  you  to  be  made  by  one  of  its 
engineers,  and  has  considered  the  available  information  as  to  the  proposed 
sources  of  supply. 

The  samples  of  water  sent  in  by  you  are  of  little  value  in  determining 
the  probable  quality  of  the  water  obtainable  in  the  regions  indicated,  on 
account  of  the  large  quantity  of  sand  and  dirt  collected  with  the  samples. 
The  results  of  the  tests  as  a  whole  show,  however,  that  it  is  improbable 
that  any  considerable  quantity  of  water  can  be  obtained  from  the  ground 
in  the  valley  of  Crony  Brook  or  in  the  valley  of  Williams  Hill  Brook  ;  and, 
while  the  tests  in  the  valley  of  Cold  Spring  Brook  indicated  that  the  con- 
ditions existing  there  are  less  unfavorable  than  in  the  other  places,  it  is 
very  doubtful  whether  it  is  practicable  to  obtain  in  this  valley  enough 
water  for  the  supply  of  Uxbridge  at  reasonable  expense. 

Examinations  made  by  the  Board  show  that  there  are  places  in  Uxbndge 
in  which  the  conditions  are  much  more  favorable,  judging  from  surface 
indication 8,  for  obtaining  water  freely  from  the  ground,  than  in  the  locali- 
ties in  which  your  tests  have  been  made.  Under  the  circumstances,  the 
Board  does  not  approve  the  sources  of  water  supply  proposed  in  your 
application. 
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An  adequate  public  water  supply  is  greatly  needed  by  the  town,  and  the 
Board  would  urge  that  investigations  be  made  without  delay  in  those  places 
where  the  conditions  appear  favorable  for  obtaining  an  adequate  water 
supply. 

Oct.  6,  19M. 
To  the  Water  Committee  of  the  Town  of  Uxbridget  Mr.  James  Dalbt,  Chairman. 

Gentlemen  :  —  The  State  Board  of  Health,  in  accordance  with  your 
application  of  Sept.  16,  1904,  for  advice  as  to  taking  water  for  the  supply 
of  Uxbridge  from  the  ground  near  the  West  River,  a  short  distance  above 
the  mouth  of  Meadow  Brook,  has  caused  the  locality  to  be  examined  by 
one  of  its  engineers  and  a  sample  of  water  collected  from  a  test  well  driven 
in  this  locality  to  be  analyzed. 

The  water  was  found  upon  analysis  to  be  of  excellent  quality  for  the 
purposes  of  a  public  water  supply.  It  is  impracticable  to  determine,  how- 
ever, from  a  test  like  this,  whether  the  quality  of  the  water  would  remain 
satisfactory  if  water  should  be  drawn  from  the  ground  in  such  quantity  as 
would  be  necessary  for  the  supply  of  Uxbridge. 

Regarding  the  quantity  of  water  that  can  be  obtained  from  the  ground 
at  this  place,  it  is  not  practicable  to  form  a  definite  opinion  from  the  in- 
formation now  available.  The  soil  in  this  neighborhood  appears  to  be 
coarse  and  porous  to  a  considerable  depth,  and  the  test  well  yielded  water 
freely  when  pumping  with  a  hand  pump,  —  indications  which  are  favorable 
for  obtaining  water  from  the  ground  in  considerable  quantity. 

The  Board  would  advise,  as  the  next  step  in  your  investigation,  that  you 
proceed  to  make  further  tests  to  determine  the  probable  quantity  and 
quality  of  water  to  be  obtained  from  the  ground  at  this  place,  by  sinking 
several  wells,  connecting  them  together  and  pumping  from  them  with  a 
steam  pump  for  a  period  of  at  least  a  week,  and  at  a  rate  as  great  as  will 
be  necessary  for  the  supply  of  Uxbridge.  It  is  essential  that  a  further 
test  be  made  before  it  will  be  practicable  to  determine  whether  the  source 
is  an  appropriate  one  for  the  water  supply  of  Uxbridge.  The  Board  will 
assist  you  in  making  the  test,  if  you  so  request,  by  making  the  necessary 
analyses  of  water  from  the  wells.  The  present  is  a  favorable  season  for 
such  tests,  and  it  is  desirable  that  the  test  be  begun  without  unnecessary 

delay. 

Jan.  5, 1905. 
To  the  Water  Supply  Committee  of  the  Town  of  Uxbridge,  Mr.  Abthus  R.  Tapt,  Clerk. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  commu- 
nications of  December  15  and  29,  for  advice  relative  to  taking  a  water 
supply  for  the  town  of  Uxbridge  from  the  ground  in  the  valley  of  Mendon 
Pond  Brook,  near  its  confluence  with  the  West  River,  and  has  examined 
the  results  of  your  recent  investigations'  in  this  locality  and  the  analyses  of 
samples  of  water  collected  daily  between  December  6  and  December  15, 
during  a  pumping  test,  from  a  group  of  tubular  wells  located  near  the 
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northerly  bank  of  Meodon  Pond  Brook,  and  about  500  feet  from  the  West 
River. 

The  pumping  test  was  made  in  a  dry  period,  but  a  quantity  of  water 
ample  for  the  present  requirements  of  Uxbridge  was  obtained  from  the 
temporary  works  without  difQenlty  and  without  material  lowering  of  the 
ground  water,  indicating  that  a  sufficient  quantity  of  water  for  the  town 
can  be  obtained  from  the  ground  in  this  region. 

The  results  of  the  analyses  of  water  collected  during  the  test  show  that 
it  was  at  all  times  clear,  colorless  and  odorless,  and  otherwise  of  good 
quality  for  the  purposes  of  a  public  water  supply.  The  region  about  the 
wells  is  very  sparsely  populated,  and  if  the  town  should  secure  control  of 
a  considerable  area  of  land  about  the  wells,  and  prevent  its  cultivation  and 
the  building  of  dwelling  houses  there,  the  quality  of  the  water  can  be  pro- 
tected, and  this  source  will,  in  the  opinion  of  the  Board,  be  a  satisfactory 
one  for  the  town  of  Uxbridge. 

Ground  waters,  such  as  the  water  of  these  wells,  deteriorate  rapidly 
when  exposed  to  light ;  and  it  is  important,  if  this  source  of  supply  shall 
be  used,  that  the  water  be  stored  in  a  covered  reservoir  and  kept  from  ex- 
posure to  light. 

Wakefisld. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  Oct.  6,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  waters  of 
Crystal  Lake  and  its  tributaries,  used  by  the  town  of  Wakefield  as  a  source 
of  water  supply. 

Waltham. 

Mabch  3, 1904. 
To  Hon.  MuBBAT  D.  Glbxsnt,  Mayor,  Waltham,  Mass, 

Dear  Sir  :  —  The  State  Board  of  Health  has  considered  the  application 
of  the  mayor  of  Waltham,  received  in  the  latter  part  of  last  year,  for  ad- 
vice as  to  the  future  water  supply  of  the  city,  as  stated  in  the  following 
communication :  — 

The  city  of  Wallham  has  now  under  consideration  plans  for  a  covered  reservoir 
for  maintaining  the  quality  of  the  water,  also  plans  for  increasing  the  supply,  as 
outlined  in  the  last  report  of  the  water  department.  Some  metering  has  been 
done. 

The  advice  of  the  State  Board  is  asked  as  to  whether  the  supply  can  be  main- 
tained in  its  present  purity  and  in  satisfactory  quantity  for  a  period  of  time  suf- 
ficient to  jastify  this  large  expenditure  on  our  works,  in  view  of  the  probable  cost 
to  the  city  of  entering  the  sytem  and  taking  water  from  the  metropolitan  works. 

In  response  to  this  application,  the  Board  has  considered  the  results  of 
analyses  and  other  information  now  available  as  to  the  present  condition  of 
your  water  supply,  and  has  considered  the  plans  for  increasing  the  supply 
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as  outlined  in  the  report  of  the  water  department,  and  other  poBsible  plans 
for  enlarging  the  water  supply  of  the  city. 

The  water  of  the  present  filter-gallery,  after  being  covered  some  twelve 
years  ago,  so  as  to  exclude  the  light,  was  for  several  years  generally  clear, 
odorless  and  nearly  colorless,  and  changed  very  little  in  character  from 
month  to  month.  In  more  recent  years  its  quality  has  deteriorated  ;  and 
in  a  communication  to  the  water  works  authorities  of  the  city,  dated  July 
3,  1902,  the  Board  advised  as  follows  as  to  possible  remedies :  — 

The  results  of  analyses  of  water  from  the  well  have  shown  for  several  years 
that  the  water  passing  through  the  ground  into  the  well  is  being  polluted ;  and 
there  has  been  a  deterioration  in  the  quality  of  the  water  drawn  from  the  well, 
owing  to  an  increase  in  the  quantity  of  iron,  though  the  quantity  of  iron  present 
in  the  water  has  not  yet  become  so  great  as  to  noticeably  affect  its  quality.  The 
increase  in  the  quantity  of  iron  is  doubtless  due  to  the  passage  of  imperfectly 
filtered  water  into  the  well  from  Charles  River,  and  in  part  to  pollution  of  the 
ground  waters  tributary  to  the  well. 

In  a  commuuication  to  the  mayor  of  Waltham  in  1897  the  Board  suggested,  as 
possible  remedies  for  the  deterioration  in  the  water,  that  all  sewage  be  removed 
from  the  territory  supplying  water  to  the  filter  basin ;  that  the  draft  from  the 
basin  be  diminished  so  that  it  should  not  exceed  the  amount  drawn  from  the 
basin  before  the  quantity  of  iron  began  to  increase ;  and  that  another  source  be 
secured  for  the  additional  water  required  for  the  city. 

It  does  not  appear  that  sewers  have  yet  been  extended  into  the  territory  near 
the  wells  which  required  sewerage  at  that  time,  though  plans  for  the  sewerage 
of  this  territory  have  now  been  prepared.  The  quantity  of  water  used  by  the 
city  in  1901,  moreover,  was  50  per  cent,  greater  than  in  1897,  and  more  than  twice 
as  great  as  at  the  time  the  quantity  of  iron  in  the  water  began  to  increase.  Under 
the  circumstances,  it  is  likely  that  the  quality  of  the  water  will  continue  to 
deteriorate. 

If  the  quality  of  the  water  should  continue  to  deteriorate  and  the  quan- 
tity of  iron  increase  at  as  great  a  rate  as  in  the  past  few  years,  the  water 
would  soon  become  objectionable  for  many  domestic  purposes,  and  a 
supply  of  water  from  some  other  source  become  necessary. 

The  offensive  taste  and  odor  of  this  water,  frequently  complained  of  in 
past  years,  has  been  due,  since  the  covering  of  the  filter-gallery,  to  the 
presence  of  microscopic  organisms  in  the  water  of  the  open  distributing 
reservoir,  and  it  has  been  known  for  many  years  that  trouble  from  this 
cause  could  be  prevented  by  covering  the  reservoir ;  but  a  covered  reser- 
voir would  have  no  effect  in  preventing  consequences  of  deterioration  due 
to  the  presence  of  an  excessive  quantity  of  iron  in  the  water,  and  such  a 
reservoir  would  be  of  no  material  value  if  a  water  supply  should  be  intro- 
duced hereafter  from  surface  sources,  such  as  those  used  by  the  metropol- 
itan district  referred  to  in  the  application.  It  is  essential  to  decide,  if 
possible,  as  to  the  source  from  which  the  future  supply  is  to  be  obtained, 
before  making  changes  at  the  reseiToir. 
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As  to  possible  sources  of  supply,  reference  is  made  in  the  application 
to  the  metropolitan  water  district  and  to  the  plan  of  obtaining  a  supply 
from  the  groand  near  the  river  above  your  present  works. 

If  a  supply  of  good  water,  ample,  in  connection  with  the  present  source, 
for  the  requirements  of  the  city  for  a  considerable  period  of  years,  could 
be  obtained  from  the  ground  near  the  river  above  the  present  filter-gallery, 
and  if  the  quality  of  the  water  of  the  latter  source  should  materially  im- 
prove, as  a  result  of  a  greatly  decreased  draft  from  this  source,  it  would 
then  be  practicable  for  the  city,  by  building  a  covered  reservoir,  to  secure 
a  supply  of  good  water,  free  from  the  objectionable  conditions  now  com- 
plained of,  and  at  less  expense  than  by  joining  the  metropolitan  district. 
The  examinations  made  with  reference  to  securing  an  additional  water 
supply,  as  described  in  the  annual  report  of  the  water  board,  referred  to 
in  the  application,  consisted  in  sinking  several  test  wells  in  the  neighbor- 
hood of  the  river,  from  600  to  1 ,400  feet  up  stream  from  the  present  filter- 
gallery,  the  tests  indicating  that  the  soil  in  this  neighborhood  was  coarse 
and  porous  to  a  considerable  depth.  Observations  upon  the  height  of  the 
water  in  these  wells,  however,  showed  that  in  all  cases  the  water  was  lower 
than  the  level  of  the  water  of  the  river,  indicating  clearly  that  the  ground 
water  at  the  places  at  which  these  wells  are  located  is  already  influenced  by 
the  pumping  from  the  present  filter-gallery. 

In  order  to  secure  a  very  large  additional  supply  from  the  ground  near 
the  Charles  River,  and  at  the  same  time  reduce  the  rate  of  filtration  through 
the  ground  in  the  area  affected  by  pumping  from  your  present  filter-gallery, 
it  will  be  necessary  to  locate  the  new  wells  or  other  sources  of  additional 
supply  beyond  the  area  materially  affected  by  pumping  from  the  present 
source. 

The  soil  near  the  river  above  the  present  filter-gallery  consists  apparently 
of  coarse  and  porous  gravel  for  a  long  distance  up  stream ;  and  it  seems 
probable  that  wells  could  be  located  at  some  point  in  this  region  beyond 
the  area  influenced  by  pumping  from  your  present  filter-gallery,  from  which 
water  can  be  drawn  in  large  quantities. 

The  region  about  the  river  above  your  present  filter-gallery  within  the 
limits  of  the  city  and  on  the  opposite  side  of  the  river  in  Newton  is,  how- 
ever, becoming  somewhat  thickly  populated,  and  the  river  is  also  consider- 
ably polluted  at  points  above  Waltham.  The  stream  and  its  banks  are 
now  used  also  as  a  pleasure  resort  by  large  numbers  of  people,  and  it  may 
he  impracticable  to  secure  ground  water  of  good  quality  in  this  region.  If 
this  should  be  found  to  be  the  case,  there  are  two  other  possible  methods 
by  which  a  supply  of  water  might  be  obtained :  one  by  drawing  water  from 
Stony  Brook  (the  right  to  a  supply  from  this  source  having  been  reserved 
to  the  city  of  Waltham  in  the  legislation  of  1884)  ;  and  the  other  by  filter- 
ing the  water  of  the  Charles  River. 
The  water  of  the  Charles  River,  from  the  stand- point  of  its  use  as  a 
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source  of  public  water  supply,  is  considerably  polluted,  as  already  indi- 
cated, and  its  waters  would  be  unsafe  for  drinking  unless  thoroughly  puri- 
fied by  filtration.  By  proper  filtration  the  water  could  undoubtedly  be 
made  safe  for  drinking ;  but  it  is  not  desirable,  in  the  opinion  of  the 
Board,  to  resort  to  this  plan  of  securing  a  water  supply,  if  it  is  practicable 
to  secure  a  supply  from  sources  which  are  protected  from  sewage  pollu- 
tion. 

Stony  Brook  would  furnish  an  ample  supply  of  water  for  the  city  of 
Waltham  for  a  long  time  in  the  future ;  and,  inasmuch  as  the  city  has  a 
right  to  a  supply  from  this  source,  it  is  important  to  consider  the  possible 
advantages  of  using  it,  as  compared  with  other  available  sources.  In  the 
consideration  of  this  source,  it  is  necessary  to  take  into  account  the  proba- 
bility of  a  considerable  increase  in  the  population  on  the  water-shed,  and 
the  possible  necessity  of  filtering  the  water  at  some  future  time.  The 
Board  is  unable  to  advise  you  as  to  the  probable  cost  of  a  supply  from  this 
source,  but  it  seems  likely  that  the  cost  will  be  less  than  the  cost  of  taking 
a  supply  from  the  metropolitan  district. 

Considering  all  the  circumstances,  the  Board  would  advise  the  city  of 
Waltham  to  make  investigations  as  to  the  practicability  of  obtaining  an 
auxiliary  supply  of  water  from  the  ground  in  the  neighborhood  of  Charles 
River,  beyond  the  area  influenced  by  pumping  from  the  present  filter- 
gallery  ;  and,  if  it  is  found  practicable  to  obtain  a  satisfactory  auxiliary 
supply  in  this  way,  that  an  estimate  be  made  of  the  probable  cost  of  works 
for  supplying  the  city  by  this  plan,  including  the  cost  of  a  covered  reservoir. 

Tests  of  the  ground  in  the  neighborhood  of  Charles  River  should  be  made 
in  a  thorough  manner,  and  should  include  an  adequate  pumping  test,  to  de- 
termine the  probable  quantity  and  quality  of  water  obtainable.  At  the 
same  time,  information  should  be  collected  as  to  the  probable  cost  of  a 
supply  both  from  Stony  Brook  and  from  the  metropolitan  water  district, 
having  in  view  the  present  needs  of  the  city  and  its  probable  future  require- 
ments for  several  yeai*s.  The  Board  will  assist  you  in  these  investigations, 
if  you  desire,  by  making  the  necessary  analyses  of  water,  and  will  give  you 
further  advice  in  the  matter  when  the  results  of  further  investigations  are 
available. 

Waltham  (Alden  Clark). 

Oct.  6, 1904. 
To  Mr.  Aldsn  Gla&k,  Waltham^  Mass, 

Dear  Sir:  —  In  accordance  with  your  request  of  August  24  for  an 
examination  of  a  spring  located  in  the  valley  of  Beaver  Brook,  near  the 
corner  of  Bacon  and  Lexington  streets  in  Waltham,  from  which  you  state 
that  you  propose  to  sell  water  for  drinking,  the  Board  has  caused  the 
spring  and  its  surroundings  to  be  examined  and  a  sample  of  the  water  to 
be  analyzed. 

The  water-shed  of  the  spring  is  uninhabited,  and  the  results  of  the  an- 
alysis of  the  water  show  that  it  is  of  good  quality  for  drinking. 
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Under  present  conditions,  this  spring  may,  in  the  opinion  of  the  Board, 
be  used  with  safety  as  a  source  of  drinking  water  supply,  provided  suit- 
able precautions  are  used  to  prevent  the  entrance  of  surface  water  or  the 
pollution  of  the  water  of  the  spring  in  collecting  and  distributing  it  to 
consumers. 

Wellesley  (Wellesley  College). 

July  11,  1904. 
To  Miss  CASOI.IHS  Haza&d,  President,  Wellesley  College,  Wellesley,  Mass, 

Dear  Madam  :  —  The  State  Board  of  Health  has  considered  your  re- 
quest for  advice  as  to  the  quality  of  the  water  of  certain  tubular  wells 
recently  driven  on  the  grounds  of  the  college  in  Wellesley,  and  has  caused 
the  wells  and  their  surroundings  to  be  examined  and  samples  of  their 
waters  to  be  analyzed. 

The  results  of  the  examination  show  that  the  water  of  these  wells  is  at 
the  present  time  of  good  quality  for  drinking.  An  analysis  of  a  sample  of 
the  water  of  the  wells  put  in  in  the  latter  part  of  last  year  shows  that  the 
quality  of  this  water  has  deteriorated  slightly,  as  compared  with  the  anal- 
yses made  in  October  of  last  year. 

Both  groups  of  wells  are  located  within  a  short  distance  of  the  area 
formerly  used  for  sewage  disposal,  and  sewage  has  been  discharged  into 
the  ground  at  other  places  in  the  neighborhood.  With  these  conditions 
the  water  of  both  groups  of  tubular  wells  is  liable  to  deteriorate  and  become 
unsafe  for  drinking,  if  a  large  quantity  of  water,  such  as  would  be  required 
for  the  supply  of  the  college,  should  be  drawn  from  them  continuously. 

It  appears  that  water  from  one  of  these  groups  of  wells  is  now  used  for 
mechanical  and  certain  other  purposes  in  the  college  buildings ;  and  the 
Board  would  recommend  that,  before  using  this  water  for  drinking,  tests 
be  made  from  time  to  time,  to  determine  what  changes,  if  any,  take  place 
in  its  quality  while  it  is  being  used  as  at  present ;  and  the  Board  will,  upon 
request,  make  the  necessary  analyses,  if  you  will  have  the  samples  collected. 

If  it  is  not  deemed  desirable  to  continue  the  use  of  water  from  these 

wells  for  any  purpose  until  its  probable  quality  is  known  more  definitely, 

the  Board  would  recommend  that  a  pumping  test  be  made  by  pumping 

from  the  wells  continuously  for  a  period  of  two  weeks  at  a  rate  as  great  or 

greater  than  that  at  which  the  water  would  be  drawn  if  the  wells  were  used 

as  a  source  of  water  supply  for  the  college  ;  and  that  samples  be  collected 

during  the  test,  to  observe  what  changes,  if  any,  take  place  in  the  quality 

of  the  water.     The  Board  will,  in  this  case  also,  upon  application,  make 

the  necessary  analyses  of  the  water,  and  in  either  case  will  give  you  further 

advice  as  to  the  quality  of  the  water  of  these  wells  when  the  results  of 

further  tests  are  available. 

Oct.  6, 1904. 

To  Miss  Caroldtb  Hazabd,  President,  Wellesley  College,  Wellesley,  Mass, 

Dear  Mad  ah  :  —  Your  communication  of  September  28,  requesting  fur- 
ther advice  as  to  taking  water  from  a  system  of  tubular  wells  on  the  college 
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groands  for  the  supply  of  the  college,  has  been  received  and  considered  by 
the  State  Board  of  Health. 

It  appears  that,  since  the  communication  of  the  Board  made  in  July  last, 
recommending  a  further  test  of  the  practicability  of  obtaining  a  good  water 
from  wells  near  the  power  house  in  the  northerly  part  of  the  college  grounds, 
you  have  caused  additional  wells  to  be  put  in  there,  and  a  pumping  test  to 
be  made  by  pumping  from  eight  wells  for  a  period  of  about  ten  days,  from 
August  12  to  22,  at  a  rate  of  about  350,000  gallons  per  day ;  and  samples 
of  the  water  of  the  wells,  collected  and  sent  in  by  you  from  time  to  time 
during  the  test,  have  been  analyzed  by  direction  of  the  Board. 

The  wells  are  located  in  a  region  having  porous  soil  over  a  large  area, 
which  extends  to  a  depth  of  nearly  70  feet  at  the  wells.  These  conditions, 
taken  in  connection  with  the  large  quantity  of  water  pumped  from  the 
wells  dunng  the  test,  indicate  that  a  sufficient  supply  for  the  college  could 
probably  be  obtained  from  the  ground  at  this  place. 

The  results  of  the  analyses  of  the  samples  of  water  show  that  it  remained 
practically  constant  in  quality  throughout  the  test,  being  clear,  colorless 
and  free  from  odor,  and  in  other  respects  of  good  quality  for  water  supply 
purposes. 

The  quality  of  the  water  showed  no  tendency  to  deteriorate  during  the 
pumping  test,  but  there  are  possible  sources  of  pollution  which  may  in  time 
affect  the  quality  of  the  water ;  and  it  is  important,  in  the  opinion  of  the 
Board,  that,  if  water  from  these  wells  be  used  for  the  supply  of  the  college, 
it  be  analyzed  from  time  to  time,  in  order  that  any  deterioration  may  be 
detected.  The  Board  will  make  the  necessary  analyses,  if  you  will  have 
the  samples  collected  and  sent  to  its  laboratory. 

Westford. 

Feb.  4,  1904. 
To  the  Board  of  Selectmen  of  the  Town  of  Westford. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  with  reference  to  a  proposed  water  supply  for  the  town  of 
Westford,  to  be  taken  from  the  ground  in  the  neighborhood  of  the  West- 
ford  station  on  the  Nashua,  Acton  &  Boston  Railroad,  so  called,  and  has 
caused  the  locality  in  which  it  is  proposed  to  obtain  the  supply  to  be  exam- 
ined by  its  engineer. 

The  conditions  in  the  neighborhood  of  the  station,  and  especially  noi*tb 
of  the  highway  leading  from  Forge  Village  to  Westford  west  of  th^  rail- 
road, appear  to  be  favorable,  judging  from  surface  indications,  for  obtain- 
ing good  water  freely  from  the  ground  by  means  of  wells,  and  the  locality 
is  favorably  situated  for  supplying  water  to  the  three  main  villages  in 
Westford  without  special  difficulty. 

The  Board  would  advise,  as  the  next  step  in  the  investigation,  that  you 
cause  tests  of  the  ground  in  this  region  to  be  made,  by  means  of  wells,  to 
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determine  the  character  of  the  soil  and  the  probable  quantity  of  water  to 
be  obtained,  and  that  you  cause  samples  of  the  water  from  test  wells 
to  be  analyzed  to  determine  its  quality.  These  tests  should  be  made  under 
the  direction  of  an  engineer  of  experience  in  matters  relating  to  water 
supply,  and  the  Board  will  assist  by  making  the  necessary  analyses  of 
samples  of  water,  and  will  give  you  further  advice  in  the  matter  when  the 
results  of  the  tests  are  available. 

The  Board  has  also,  in  accordance  with  your  request,  examined  a  con- 
siderable number  of  private  wells  in  Westford  and  Graniteville,  and  caused 
samples  of  their  waters  to  be  analyzed.  Nearly  ail  of  these  wells  show 
evidence  of  serious  pollution  by  sewage,  and  in  many  cases  it  is  not  prac- 
ticable for  those  dependent  upon  them  to  secure  water  of  better  quality 
upon  their  own  premises. 

A  public  water  supply,  aside  from  its  other  advantages,  is  greatly  needed 
in  these  villages  to  make  it  practicable  to  discontinue  the  use  of  polluted 
waters  for  domestic  purposes. 

Weston  (Cemetery  near  Source  of  Water  Supply  of  Cambridge). 

April  28, 1904. 
To  the  Board  of  Selectmen  of  the  Town  of  Weston^  Mr.  Francis  Blakb,  Chairnian. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion of  March  31,  for  the  approval  of  the  use  for  cemetery  purposes  of 
certain  land  in  Weston  lying  south  of  and  adjacent  to  Lin  wood  Cemetery, 
shown  upon  a  plan  submitted  with  your  application,  and  has  examined  this 
land.  With  the  exception  of  a  low  area  at  the  south-easterly  corner,  the 
land  is  dry,  and  unlikely,  in  the  opinion  of  the  Board,  to  cause  pollution 
of  adjacent  waters  if  used  for  the  purpose  indicated. 

The  Board  hereby  approves  the  use  for  cemetery  purposes  of  the  land 
south  of  Linwood  Cemetery,  marked  ''  Proposed  Addition,  8.91  Acres,"  as 
shown  upon  a  plan  entitled  "  Linwood  Cemetery,  Weston,  Surveyed  by 
John  N.  McClintock,  C.E.  Scale,  1"=  200',"  and  filed  in  the  office  of  this 
Board  AprU  6,  1904,  provided  that  no  interment  shall  be  made  in  any  por- 
tion of  the  area  within  200  feet  of  the  south-easterly  corner  thereof,  as 
shown  on  the  above-described  plan. 

West  Springfield. 

Jan.  5, 1905. 

To  the  Board  of  Water  Commissioners  of  the  Town  of  West  Springfield,  Mr.  CM.  Wood- 
ward, Secretary, 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Sep- 
tember 26  the  following  communication  ;  — 

Tiie  town  of  West  Springfield,  being  for  several  years  in  need  of  an  additional 
water  supply,  and  having  investigated  the  several  possible  schemes  for  obtaining 
such  supply,  has  settled  upon  the  source  known  as  the  Bear  Hole  Brook,  and  the 
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water-shed  contributory  thereto,  lying  within  the  limits  of  said  town,  except  a 
small  portion  in  the  adjoining  city  of  Holyoke.  Options  have  been  obtained  on  a 
large  part  of  the  land  needed  for  full  future  development,  engineering  features 
worked  out,  funds  voted  by  the  town  for  the  work  at  present  contemplated,  and 
preparations  arc  well  along  for  carrying  it  out.  We  would  ask  of  your  Board 
advice  in  the  matter  of  development  of  the  supply,  and  putting  it  into  thoroughly 
good  shape  for  the  town^s  use.  We  desire  to  know  the  proper  means  of  securing 
the  purity  of  the  water,  the  extent  of  ground  necessary  to  control  to  prevent  con- 
tamination, our  rights  as  against  public  carelessness  leading  to  contamination, 
and  to  receive  such  general  information  as  you  can  give  us  bearing  on  the  work. 
We  would  propose  to  develop  the  system  slowly,  as  the  needs  of  the  town  require, 
but  to  do  the  work  in  hand  thoroughly  and  systematically. 

The  plan  for  developing  a  water  supply  from  Bear  Hole  Brook,  prepared 
by  your  engineers  in  1899,  provided  for  the  construction  of  a  storage  reser- 
voir holding  about  311,000,000  gallons  upon  this  stream,  by  constructing 
a  dam  about  a  mile  below  Bear  Hole  Spring,  so  called. 

The  plan  which  you  now  propose  to  adopt,  and  which  you  have  described 
further  to  the  engineer  of  the  Board,  provides  for  the  construction  at  the 
present  time  of  a  pumping  station  near  the  brook,  in  the  neighborhood  of 
the  proposed  dam,  and  for  a  pipe  line  through  which  the  water  is  to  be 
forced  to  a  new  stand-pipe,  which  you  are  now  preparing  to  construct  upon 
a  bill  about  one  and  one-half  miles  north-west  of  the  village. 

The  Board  has  caused  a  further  examination  of  the  locality  to  be  made 
by  one  of  its  engineers,  and  has  considered  the  results  of  investigations 
relative  to  obtaining  a  water  supply  for  the  town. 

Bear  Hole  Brook  forms  the  outlet  to  Ashley  Pond,  one  of  the  sources  of 
water  supply  of  the  city  of  Holyoke ;  and  when  the  pond  is  full,  or  nearly 
so,  a  large  quantity  of  water  leaks  from  the  pond  into  the  brook  below  the 
dam.  The  soil  of  part  of  the  drainage  area  of  the  brook  above  the  pro- 
posed point  of  taking  is  coarse  and  porous,  especially  on  the  easterly  side^ 
so  that  the  flow  is  maintained  in  dry  weather.  Under  ordinary  conditiona 
it  is  probable,  in  the  opinion  of  the  Board,  that  a  sufficient  additional 
water  supply  for  the  present  needs  of  West  Springfield  could  be  obtained 
from  this  source  without  storage,  but  in  a  very  dry  season  the  yield  of  the 
stream  might  prove  inadequate  for  the  requirements  of  the  town. 

The  water-shed  of  Bear  Hole  Brook  is  sparsely  populated,  but  there  is  a 
picnic  ground  a  short  distance  above  the  proposed  point  of  taking,  and 
there  are  dwelling  houses  and  other  buildings  on  the  stream  farther  up  the 
valley.  In  order  to  protect  adequately  the  purity  of  the  water  of  the 
stream,  it  would  be  necessary  to  purchase  and  remove  many  of  the  dwell- 
ing houses  and  buildings  now  within  the  water-shed,  the  cost  of  whicb« 
judging  from  the  information  furnished  by  you,  would  be  large ;  and  it 
would  also  be  necessary,  in  order  to  secure  protection  in  the  future,  to 
control  a  considerable  area  of  land  within  the  water-shed. 
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Considering  the  circumstances,  the  Board  does  not  deem  it  advisable  for 
West  Springfield  to  take  water  directly  from  Bear  Hole  Brook,  as  now  pro- 
posed. It  appears  to  be  possible  to  obtain  a  considerable  quantity  of  water 
from  the  water-shed  of  Bear  Hole  Brook  by  means  of  wells  or  filter-galleries 
sunk  in  the  valley  of  the  brook,  at  places  where  land  could  be  secured  at 
reasonable  cost,  and  thus  avoid  the  large  expense  for  lands,  buildings, 
etc.,  which  would  be  necessary  under  the  plan  now  proposed ;  but  no  tests 
have  been  made  in  the  valley  which  would  show  whether  such  a  plan  for 
securing  a  water  supply  for  West  Springfield  would  be  practicable,  or  not. 
The  town  is  growing  rapidly,  and,  while  a  quantity  of  ground  water  might 
be  obtained  in  this  valley  by  means  of  wells  or  filter-galleries,  which  would 
be  sufficient  for  present  requirements  if  used  in  connection  with  existing 
works,  it  will  be  necessary,  if  the  growth  of  the  town  continues,  to  secure 
a  further  supply.  The  plans  for  developing  a  large  supply  from  Bear 
Hole  Brook,  proposed  by  the  engineers  who  investigated  the  question  of  a 
water  supply  for  West  Springfield  five  years  ago,  provided  for  the  con- 
struction of  a  storage  reservoir  upon  this  stream,  holding  a  little  over 
300,000,000  gallons  ;  and  there  is  no  doubt  that  with  such  a  reservoir  an 
ample  supply  of  water  for  the  requirements  of  West  Springfield  could  be 
made  available.  The  reservoir,  however,  would  be  supplied  in  part  with 
ground  water,  which  woald  be  liable  to  deteriorate  greatly  in  the  storage 
reservoir,  and  become  objectionable  on  account  of  organic  growths  and 
the  offensive  tastes  and  odors  which  they  produce. 

The  Board  has  advised  you  on  previous  occasions,  when  considering  the 
future  water  supply  of  West  SpringGeld,  to  examine  the  practicability  of 
obtaining  a  ground-water  supply  from  the  neighborhood  of  Pond  Brook, 
near  the  Holyoke  and  Westfield  Railroad,  but  it  does  not  appear  that  any 
studies  of  this  locality  have  been  made.  The  Board  would  again  advise 
that  the  question  of  water  supply  from  the  valley  of  Pond  Brook  be  given 
careful  consideration,  before  the  town  proceeds  to  develop  a  supply  from 
the  valley  of  Bear  Hole  Brook  ;  since  it  seems  likely,  from  the  investiga- 
tions that  have  been  made  by  the  Board,  that  an  adequate  supply  of 
excellent  water  can  be  obtained  from  the  valley  of  Pond  Brook  at  no 
greater,  and  very  likely  at  less,  expense  than  from  Bear  Hole  Brook,  and 
that  a  water  of  much  better  quality  could  be  secured. 

Investigations  might  at  the  same  time  be  made  of  the  practicability  of 
obtaining  a  ground-water  supply  in  the  valley  of  Bear  Hole  Brook  suffi- 
cient for  the  present  requirements  of  the  town ;  and  if  it  should  be  found 
practicable  to  obtain  a  considerable  supply  of  good  water  from  the  ground 
in  this  valley,  there  might  be  economy  in  the  use  of  this  source  for  a  time, 
rather  than  to  go  to  Pond  Brook  in  the  beginning. 

In  case  you  decide  to  make  further  investigations  in  the  valley  of  Pond 
Brook  or  in  the  valley  of  Bear  Hole  Brook,  with  a  view  to  obtaining  a 
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ground-water  supply,  the  Board  will,  upon  request,  make  the  necessary 
analyses  of  water,  and  will  give  you  further  adyice  when  the  results  of 
further  investigations  are  available. 

WoBURN  (W.  W.  Cdmmings). 

Nov.  3, 1904. 
To  Mr.  W.  W.  GuHMiNGs,  Boston,  Mass, 

Dear  Sir  :  —  In  response  to  your  request  for  advice  as  to  the  quality  of 
the  water  of  certain  springs  at  Woburn,  from  which  you  propose  to  sell 
water  for  drinking  purposes,  the  Board  has  caused  the  springs  and  their 
surroundings  to  be  examined  and  samples  of  their  waters  to  be  analyzed. 

The  results  of  the  analysis  of  the  water  of  the  spring  near  15  Winter 
Street  show  that  the  water  is  probably  safe  for  drinking  at  the  present 
time ;  but  the  spring  is  located  beside  a  brook,  the  water  of  which  is 
exposed  to  pollution  from  buildings  on  its  water-shed,  and  at  times  of  high 
water  the  brook  water  can  evidently  find  its  way  into  the  spring,  and,  in 
the  opinion  of  the  Board,  this  spring  is  not,  under  the  circumstances,  a 
safe  source  of  drinking  water. 

The  water  of  the  spring  farther  north,  near  the  old  mill  pond  near 
Winter  Street,  contained,  when  examined,  a  much  greater  quantity  of 
organic  matter  and  a  larger  number  of  bacteria  than  are  found  in  good 
spring  waters.  These  conditions  may  possibly  have  been  due  in  part  at 
least  to  the  fact  that  the  spring  is  uncovered,  and  that  surface  water  can 
enter  it.  The  spring  cannot  in  its  present  condition  be  regarded  as  a  safe 
source  from  which  to  take  water  for  drinking.  It  is  possible  that  the 
water  of  this  spring  might  safely  be  used  for  drinking  if  the  spring  were 
cleaned  and  covered  so  as  to  exclude  surface  water. 

Worcester. 

Under  the  provisions  of  section  113  of  chapter  75  of  the  Revised  Laws, 
rules  and  regulations  were  made  by  the  Board,  on  April  7,  1904,  for  pre- 
venting the  pollution  and  securing  the  sanitary  protection  of  the  sources  of 
water  supply  of  the  city  of  Worcester. 

Wrentham. 

April  7,  1904. 

To  the  Committee  on  Water  Supply  of  the  Town  of  Wrentham,  Mr.  Williak  F.  Maintixn, 

Chairman. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion received  March  8,  1904,  for  advice  with  reference  to  a  proposed  water 
supply  for  the  town  of  Wrentham,  and  the  plans  and  report  submitted 
therewith,  which  provide  for  taking  water  either  from  tubular  wells  and 
springs  near  the  Trout  Ponds,  or  from  tubular  or  other  wells  near  Archer's 
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Pond,  and  has  caused  the  localities  to  be  examined  and  two  samples  of 
water  collected  from  tubular  wells  at  these  places  and  sent  in  by  you  to 
be  analyzed. 

The  results  of  the  analyses  show  that  the  water  of  the  test  wells  at  both 
places  is  of  good  quality  for  the  purposes  of  a  public  water  supply,  the 
water  of  the  tubular  well  near  the  Trout  Ponds  being  a  little  the  better 
of  the  two. 

It  does  not  appear  that  there  is  likely  to  be  a  very  material  difiference  in 
the  cost  of  a  supply  from  either  the  Trout  Ponds  or  Archer's  Pond  sources, 
but  a  supply  from  the  former  source  seems  likely,  from  the  estimates  pre- 
sented, to  cost  a  little  less  than  a  supply  from  the  latter  source. 

The  superficial  area  of  the  water-shed  of  the  Trout  Ponds,  as  shown 
upon  a  plan  submitted  with  your  application,  is  stated  to  be  45.4  acres, 
but  additional  areas  are  indicated  that  may  be  tributary  to  this  source. 
Measurements  of  the  flow  of  water  from  the  lower  pond  of  the  group,  made 
last  July,  show  that  the  flow  from  these  ponds  at  that  time  amounted  to 
about  150,000  gallons  per  day.  In  a  very  dry  season  it  is  probable  that 
the  flow  would  be  less  than  this  amount ;  and  these  circumstances  indicate 
that  it  is  somewhat  doubtful  whether  a  sufficient  quantity  of  water  for  the 
supply  of  Wrentham,  after  water  has  come  into  general  use  in  the  town, 
can  be  obtained  from  wells  in  this  neighborhood. 

The  results  of  the  tests  and  investigations  thus  far  made  are,  on  the 
whole,  favorable  to  obtaining  an  ample  supply  of  water  for  Wi'entham  from 
the  region  near  Archer's  Pond;  but  before  taking  a  supply  from  either 
source  it  is  necessary,  in  the  opinion  of  the  Board,  to  make  further  tests, 
to  determine  more  definitely  the  probable  quantity  and  quality  of  water 
that  the  sources  are  likely  to  yield. 

Since  water  of  somewhat  better  quality  can  apparently  be  obtained  in 
the  neighborhood  of  the  Trout  Ponds,  and  probably  at  a  somewhat  smaller 
cost  than  from  the  neighborhood  of  Archer's  Pond,  the  Board  would  advise 
that  tests  be  made  first  of  the  soil  about  the  Trout  Ponds  by  means  of 
tubular  wells,  and  that  tests  should  also  be  made  in  the  valley  of  the  stream 
below  the  lower  pond.  If  these  tests  show  that  porous  soil  extends  to  a 
considerable  depth  and  that  water  can  be  obtained  freely  from  the  ground 
by  means  of  wells,  a  pumping  test  should  be  made,  and  the  effect  of  the 
pumping  upon  the  level  of  the  ground  water  and  the  flow  of  the  water  of 
the  ponds  carefully  noted.  When  the  results  of  suitable  tests  and  observa- 
tions are  available,  it  will  be  practicable  to  determine  whether  this  source 
is  likely  to  yield  a  sufficient  quantity  of  water  for  the  supply  of  the  town. 
The  cost  of  such  a  test  would  be  inconsiderable,  as  compared  with  the  cost 
of  changing  the  source  after  the  works  have  approached  completion  or  sub- 
sequently, as  would  be  necessary  if  it  should  be  found  that  the  supply  was 
inadequate. 
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If,  as  a  result  of  further  tests  at  the  Trout  Ponds,  that  source  should  not 
be  deemed  appropriate  for  the  use  of  Wrentham,  further  tests  should  then 
be  made  in  the  neighborhood  of  Archer's  Pond. 

The  Board  will  assist  you  in  such  investigations  of  the  proposed  sources 
as  you  may  decide  to  make,  by  making  the  necessary  analyses  of  water, 
and  will  give  you  further  advice  when  the  results  of  further  tests  are 
available. 

Ice  Supplies. 

The  following  is  the  substance  of  the  action  of  the  Board  during  1904 
in  reply  to  applications  for  advice  relative  to  sources  of  ice  supply :  — 

Chiqdpee. 

Jan.  6,  1S06. 
To  the  Board  of  Health  of  the  City  of  Chicopee. 

Gentlemen  :  —  In  response  to  your  request  for  advice  as  to  the  use,  as 
a  source  of  ice  supply,  of  a  reservoir  to  be  constructed  upon  the  stream 
which  crosses  the  Rockrimmon  Road,  about  800  feet  north  of  Plainfield 
Street,  in  the  extreme  southerly  part  of  Chicopee  known  as  Glen  wood, 
the  Board  has  caused  the  locality  to  be  examined  and  a  sample  of  the 
water  of  the  stream  to  be  analyzed. 

The  results  of  the  examination  show  that  there  is  a  large  cemetery 
within  the  water-shed  of  the  stream,  and  there  is  also  apparently  a  con- 
siderable number  of  dwelling  houses  within  this  water-shed  near  its  upper 
end.  An  analysis  of  a  sample  of  the  water  shows  that  the  stream  receives 
considerable  pollution  at  the  present  time,  and  is  not  a  desirable  source  of 
ice  supply. 

It  is  possible  that  ice  which  might  safely  be  used  for  domestic  purposes 
could  be  obtained  from  a  reservoir  on  this  stream  by  removing  from  the 
ice,  when  harvesting,  the  first  inch  which  formed  upon  the  pond  and  all  ice 
formed  above  this  first  inch,  including  snow  ice  and  ice  formed  by  flooding, 
a.nd  by  rejecting  all  ice  containing  particles  of  foreign  matter. 

It  is  important,  in  constructing  a  reservoir  for  use  as  a  source  of  ice 
supply  upon  this  stream,  that  the  reservoir  be  made  of  suflScient  size  so 
that  there  will  not  be  a  rapid  current  of  water  through  the  pond. 

Everett. 

Aug.  4, 19M. 
To  the  Board  of  Health  of  the  City  of  Everett. 

GsNTLEHEN :  —  The  State  Board  of  Health  received  from  you  on  July  16, 
1904,  a  request  for  an  examination  of  the  following  sources,  from  which 
ice  is  taken  for  sale  in  Everett :  Pentucket  Lake,  in  Georgetown ;  Crystal 
Lake,  in  Wakefield ;  Bennett's  Pond,  in  Melrose ;  Crystal  Lake,  in  Mel- 
rose ;  Towner's  Pond,  in  Melrose ;  Long  Pond,  in  Melrose  and  Saugus ; 
Swain's  Pond,  in  Melrose. 
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Subsequently  the  request  for  advice  as  to  the  use  of  Crystal  Lake,  in 
Wakefield,  as  a  source  of  ice  supply,  was  withdrawn. 

The  Board  has  caused  the  various  lakes  and  ponds  mentioned  in  your 
application  to  be  examined,  and  samples  of  their  waters,  and  of  the  ice 
harvested  from  them  in  all  cases  where  samples  were  obtainable,  to  be 
•analyzed. 

With  the  exception  of  Pentucket  Lake,  in  Georgetown,  all  of  the  sources 
mentioned  in  your  application  were  examined  by  the  Board  in  1901,  in  re- 
sponse to  a  request  from  the  city  of  Melrose  for  advice  as  to  the  use  of 
these  lakes  and  ponds  as  sources  of  ice  supply ;  and  the  Board  advised  the 
authorities  of  that  city  as  follows  concerning  the  use  of  ice  from  Crystal 
Lake,  in  Melrose  (otherwise  known  as  £11  Pond) ,  Bennett's,  Long,  Swain's 
and  Towner's  ponds,  the  latter  being  knowu  at  that  time  as  Dorr's  Pond :  — 

Id  response  to  ybur  request  for  advice  as  to  the  quality  of  the  ice  of  £11  Pond, 
Bennett^s  Pond,  Long  Pond,  Stillman^s  Pond  and  Swain^s  Pond,  in  Melrose,  the 
Board  has  caused  the  various  sources  of  ice  supply  in  Melrose  which  have  been 
brou<^ht  to  its  attention  to  be  examined,  and  samples  of  the  water  and  ice  to  be 
analyzed. 

£11  Pund  is  situated  in  the  central  portion  of  Melrose,  and  receives  the. drainage 
from  a  territory  containing  a  dense  population,  and  is  evidently  considerably  pol- 
luted by  sewage. 

Numerous  samples  of  ice  collected  from  various  parts  of  this  pond,  both  during 
the  winter  just  passed  and  the  previous  winter,  have  been  analyzed  by  the  Board ; 
and,  judging  from  the  results  of  all  its  examinations,  the  Board  is  of  the  opinion 
that  the  ice  of  £11  Pond,  as  formed,  cannot  be  safely  used  for  domestic  purposes, 
although  the  bottom  portion  of  the  ice,  when  it  is  clear  and  contains  no  particles 
of  foreign  matter,  might  safely  be  so  used. 

Under  the  existing  conditions,  the  only  safety  in  using  such  ice  lies  in  a  proper 
inspection,  under  your  direction  and  control,  to  insure  the  removal  from  the  ice, 
when  it  is  harvested,  of  the  first  inch  that  forms  upon  the  pond,  and  all  of  the  ice 
which  forms  above  the  first  inch,  whether  by  snow  or  rain  or  flooding,  and  to  in- 
sure the  rejection  of  all  ice  containing  particles  of  foreign  matter. 

The  Board  would  advise  that  no  ice  be  cut  in  the  immediate  neighborhood  of 
the  feeders  of  the  pond,  the  flow  from  which  may  cause  matters  to  become  en- 
tangled in  the  ice,  or  at  any  place  in  the  pond  where  the  water  is  shallow,  and 
there  would  be  danger  that  weeds  or  organic  matters  from  the  bottom  of  the  pond 
might  be  taken  up  by  the  ice. 

All  of  the  other  sources  examined  show  evidences  of  sewage  pollution,  and  the 
Board  is  of  the  opinion  that  the  only  safety  in  using  ice  from  these  sources  also, 
excepting  Dorr^s  Pond,  is  to  provide  that  the  harvesting  of  the  ice  shall  be  done 
under  your  direction  and  control,  and  that  the  ice  be  inspected  in  the  same 
manner  as  recommended  in  the  case  of  £11  Pond ;  that  is,  to  insure  the  removal 
from  the  ice,  when  it  is  harvested,  of  the  first  inch  that  forms  upon  the  pond, 
and  all  of  the  ice  which  forms  above  the  first  inch,  and  to  insure  the  rejection  of 
all  ice  containing  particles  of  foreign  matter. 

Some  of  these  ponds  are  quite  shallow,  or  contain  large  areas  where  the  depth 
of  the  water  is  small.    The  Board  would  call  special  attention  to  the  liability,  in 
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shallow  ponds  and  in  all  ponds  if  ice  is  cut  near  the  shore,  that  weeds,  grass  or 
other  foreign  matter  may  be  frozen  into  the  ice,  which  would  render  it  entirely 
unfit  for  domestic  uses.  This  was  the  case  with  the  ice  examined  from  Dorr's 
Pond,  and  the  Board  would  advise  that  the  ice  from  this  source  be  not  used  where 
it  will  come  in  contact  with  food  or  drinking  water. 

The  recent  examination  of  these  sources  shows  that  no  material  change 
has  taken  place  in  the  condition  of  the  various  ponds  or  their  surroundings ; 
and,  in  the  opinion  of  the  Board,  ice  taken  from  these  sources  can  be  used 
with  safety  only  by  observing  carefully  the  precautions  advised  in  the 
communication  quoted  above.  The  sample  of  ice  collected  recently  from 
Towner*s  Pond,  formerly  known  as  Doit's  Pond,  did  not  differ  materially 
in  quality  from  the  others. 

Ice  collected  from  Pentucket  Lake,  in  Georgetown,  may,  in  the  opinion 
of  the  Board,  be  used  with  safety  for  domestic  purposes.. 

Falmocth. 

July  7, 1904. 

To  the  Board  of  Health  of  the  Town  of  Falniouth,  Mr.  Russbll  S.  Ntb,  Secretary. 

Gentlemen  :  —  In  accordance  with  your  request  of  June  15,  the  State 
Board  of  Health  has  caused  an  examination  to  be  made  of  Shivencks  Pond 
and  its  surroundings,  and  has  caused  samples  of  the  water  of  the  pond  and 
of  the  ice  found  in  the  ice  house  located  at  the  westerly  end  of  the  pond  to 
be  analyzed. 

The  pond  is  located  near  the  village,  and  an  analysis  of  the  water  indi- 
cates that  it  contains  considerable  organic  matter,  but  there  is  no  e\'idence 
that  this  is  derived  from  sewage  pollution.  A  sample  of  the  ice  collected 
from  one  of  the  ice  houses  was  found  to  consist  of  about  10  inches  of  clear 
ice,  with  a  thin  layer  of  snow  ice  on  top.  The  clear  ice  was  free  from 
foreign  matter,  and  was  found,  upon  analysis,  to  be  of  good  quality. 

In  the  opinion  of  the  Board,  this  ice  may  safely  be  used  for  domestic 
purposes,  but  the  snow  ice  is  liable  to  contain  impurities,  and  should  be 
rejected. 

Hardwick  (Wheelwright)  . 

Sbpt.  1,  1904. 

To  the  Board  of  Health  of  the  Town  of  Hardwick,  Mr.  Charles  F.  Akgbll,  Agent, 

Gentlemen  :  —  Your  communication  of  August  5,  enclosing  a  letter  of 
the  Winimissett  Ice  Company  of  Hardwick,  relative  to  the  pollution  of 
the  Ware  River  above  the  village  of  Wheelwright,  has  been  considered 
by  the  State  Board  of  Health. 

It  appears  that  the  water  of  the  river  is  used  as  a  source  of  water  sup- 
ply by  the  George  W.  Wheelwright  Paper  Company,  but  the  letter  from 
that  corporation  to  your  board  states  that  the  paper  company  has  advised 
the  persons  who  take  water  from  its  pipes  not  to  use  any  of  it  unless  it 
has  been  boiled.     The  stream  receives  much  pollution  from   mills  and 
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villages  above  Hardwick,  and  i»  not  a  suitable  source  of  drinking  water 
supply,  and  should  not  be  so  used. 

A  sample  of  ice  said  to  have  been  harvested  from  the  river  last  winter 
was  found  to  contain  but  little  organic  matter,  and  was  in  other  respects 
of  good  quality,  indicating  that  at  the  time  this  ice  was  harvested  it  was 
possible  to  obtain  from  this  source  ice  which  might  safely  be  used  for 
domestic  purposes. 

While  the  conditions  remain  as  at  the  time  this  ice  was  formed,  it  is 
possible  to  obtain  from  this  source  ice  which  may  safely  be  used  for 
domestic  purposes;  but  ice  from  such  a  source  can  only  be  used  with 
safety  by  removing  the  first  inch  which  forms  upon  the  pond,  and  all  ice 
formed  above  this  first  inch,  whether  by  snow  or  rain  or  flooding,  and 
rejecting  all  ice  containing  particles  of  foreign  matter. 

The  State  Board  of  Health,  under  the  provisions  of  section  118  of 
chapter  75  of  the  Revised  Laws,  is  authorized,  under  certain  circum- 
stances, to  take  action  for  the  prevention  of  the  pollution  of  an  ice  supply ; 
but,  in  the  opinion  of  the  Board,  it  would  be  impracticable  to  prevent  the 
pollution  of  this  stream  under  that  law,  unless  at  great  expense  to  the  ice 
company. 

HOLYOKE. 

Aug.  4,  1904. 
To  the  Board  of  Health  of  the  City  of  Holyoke. 

Gentlemen  :  —  In  response  to  your  application  for  an  examination  of 
two  ice  ponds  in  Holyoke,  and  advice  as  to  their  use  as  sources  of  ice 
supply  for  domestic  purposes,  the  Boai*d  has  caused  the  ponds  and  their 
surroundings  to  be  examined  and  samples  of  the  water  and  ice  to  be 
analyzed. 

One  of  the  ponds,  known  as  Bray's  Pond,  is  located  south  of  Westfield 
Road  and  west  of  Northampton  Street  in  Holyoke.  The  water  of  this 
source  was  found  to  contain  a  very  large  quantity  of  organic  matter,  but 
the  quantity  of  organic  matter  found  in  a  sample  of  the  ice  was  small.  In 
response  to  a  previous  application  for  advice  as  to  the  use  of  this  pond  as 
a  source  of  ice  supply,  the  Board  advised  you  as  follows :  — 

Bray's  Pond,  located  south  of  the  Westfield  Koad  and  west  of  Northampton 
Street,  evidently  receives  considerable  polluting  drainage,  and  the  effect  of  this 
pollation  is  evident  in  the  analysis  of  a  sample  of  the  water.  The  ice  cut  from 
this  pond  was  found  to  contain  a  larger  amount  of  organic  matter  than  is  usually 
present  in  ice  from  unpolluted  sources,  and  this  pond  in  its  present  state  cannot 
be  considered  a  safe  source  from  which  to  take  ice  for  use  in  connection  with  food 
or  drinking  water.  It  appears  to  be  practicable  to  prevent  the  pollution  of  this 
source  by  diverting  the  drainage  from  the  limited  number  of  buildings  on  the 
water-shed  away  from  the  pond. 

It  appears  from  the  recent  examination  that  the  conditions  are  some- 
what worse  than  at  the  time  the  previous  examination  was  made.    It  would 
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apparently  be  practicable,  at  small  expense,  to  divert  away  from  the  pond 
the  drainage  from  the  buildings  mentioned ;  and  if  this  should  be  done, 
the  ice  from  this  source  might,  in  the  opinion  of  the  Board,  safely  be  used 
for  domestic  purposes. 

The  other  pond  is  located  near  Janris  Avenue,  in  Holyoke,  not  far  from 
Cherry  Street.  This  source  has  already  been  examined  by  the  Board,  in 
response  to  an  application  from  you  on  Dec.  18,  1900,  for  advice  as  to  its 
use  as  a  source  of  water  supply ;  and  the  Board  advised  you,  on  Jan.  21, 
1901,  as  follows:  — 

In  response  to  your  application  of  Dec.  18,  1900,  for  advice  as  to  whether  the 
water  of  the  stream  known  as  Crystal  Spring,  used  to  supply  about  five  hundred 
residents  of  the  district  known  as  Elmwood,  in  Holyoke,  is  suitable  for  domestic 
use,  the  Board  has  caused  the  source  to  be  examined  by  one  of  its  engineers  and 
a  sample  of  the  water  to  be  analyzed. 

The  results  of  the  analysis  show  that  the  water  at  the  present  time,  while  some- 
what hard,  is  nearly  colorless,  and  contains  but  little  organic  matter.  An  exam- 
ination of  the  water-shed  shows  that  near  its  upper  end  there  are  two  dwelling 
houses  and  a  building  which  has  been  used  in  the  past  as  a  small-pox  hospital  for 
the  city  of  Holyoke;  but  for  several  years  no  cases  have  been  treated  at  this 
place,  though  the  building  is  maintained  ready  for  use.  It  does  not  appear  that 
polluting  matters  are  entering  directly  any  of  the  streams  in  the  water-shed  at 
the  present  time,  and,  in  the  opinion  of  the  Board,  the  water  at  present  is  suitable 
for  domestic  use. 

It  is  exposed,  however,  to  possible  danger  of  serious  pollution  from  the  build- 
ings on  the  water-shed ;  and  if  the  use  of  the  source  is  to  be  continued,  it  will  be 
necessary  to  see  that  all  polluting  matters  from  any  of  these  buildings  or  from 
any  of  the  farming  operations  within  the  water-shed  are  kept  out  of  the  streams 
at  all  times ;  and  especial  care  should  be  taken,  in  case  any  contagious  or  infec- 
tious disease  should  appear  on  this  water-shed,  to  prevent  danger  to  the  water 
supply  therefrom. 

An  analysis  of  a  sample  of  ice  collected  recently  from  this  pond  shows 
that  it  contains  considerable  organic  matter;  but,  in  the  opinion  of  the 
Board,  this  pond  may  safely  be  used  as  a  source  of  ice  supply  for  domestic 
purposes,  if  polluting  matters  from  the  buildings  on  the  water-shed  are 
kept  out  of  the  pond. 

Littleton. 

July  7, 1904. 
To  the  Board  of  Health  of  the  Town  of  Littleton ^  Mr.  J.  N.  Murrat,  Secretary » 

Gentlemen  :  —  In  response  to  your  request,  received  May  24,  for  advice 
as  to  the  use  of  ice  for  domestic  purposes  taken  from  Mill  Pond,  so  called, 
in  Littleton,  the  Board  has  caused  the  pond  and  its  surroundings  to  be 
examined,  and  has  caused  a  sample  of  the  ice  from  an  ice  house  located 
near  the  northerly  end  of  the  pond,  from  which,  the  Board  is  informed,  ice 
is  supplied  for  domestic  purposes  in  Littleton,  to  be  analyzed. 
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The  resalts  of  the  examination  show  that  the  ice,  as  harvested,  con- 
tained a  thin  layer  of  snow  ice  at  the  top,  but  that  otherwise  the  ice  was 
clear  and  apparently  free  from  foreign  matter.  The  chemical  and  bacterial 
analyses  show  that  the  clear  ice  contains  very  little  organic  matter  or 
bacteria ;  and,  in  the  opinion  of  the  Board,  the  clear  ice  may  safely  be 
Qsed  for  domestic  purposes.  The  snow  ice  should  be  completely  removed 
before  using. 

MiLTOK. 

April  7, 1904. 
To  (he  Board  of  Health  of  the  Town  of  Milton. 

GEirrLKMEN:  —  The  State  Board  of  Health  received  from  you  on  Feb. 
17,  1904,  an  application  requesting  an  examination  of  the  Pope  and  Tur- 
ner ponds  on  Pine  Tree  Brook,  used  as  sources  of  ice  supply,  and  of  the 
ice  harvested  therefrom,  and  in  response  to  this  request  has  caused  these 
sources  to  be  examined  and  samples  of  the  water  and  ice  to  be  analyzed. 

The  resnlts  of  the  analyses  show  that  Pine  Tree  Brook  receives  consid- 
erable pollution,  but  the  ice  from  the  ponds  indicated,  while  containing  a 
somewhat  larger  quantity  of  organic  matter  than  is  usually  found  in  good 
ice,  was  found  upon  examination  to  be  clear  and  apparently  free  from 
particles  of  foreign  matter,  and  bacterial  examinations  showed  that  very 
few  bacteria  were  present.  It  was  found  that  some  of  the  ice  harvested 
contained  a  thin  layer  of  snow  ice. 

In  the  opinion  of  the  Board,  the  clear  ice  harvested  from  these  sources 
during  the  past  winter  may  safely  be  used  for  domestic  purposes.  It  is 
important  that  the  snow  ice  be  removed,  and  it  is  also  important  that  all 
pieces  of  ice  containing  particles  of  foreign  matter  should  be  rejected. 

Nantucket. 

July  11,  1904. 
To  Mr.  Jaubs  H.  Gibbs,  Nantucket ^  Mass, 

Dear  Sir:  — In  response  to  your  request  of  June  17,  for  advice  as  to 
whether  the  waters  of  Maxey*s  Pond  and  the  north  head  of  Hummock 
Pond  are  fit  for  drinking,  and  whether  the  ice  from  these  ponds  is  fit  to  be 
used  for  family  use,  the  Board  has  caused  the  ponds  and  their  surroundings 
to  be  examined  by  one  of  its  engineers  and  samples  of  water  and  ice  from 
these  ponds  to  be  analyzed. 

The  ponds  are  located  in  an  uninhabited  region,  and  their  water-sheds 
are  free  from  population.  The  soil  about  them  is  sandy,  and  evidently 
very  little  water  reaches  them  by  direct  flow  over  the  ground. 

The  results  of  the  analyses  show  the  presence  of  considerable  organic 
matter,  evidently  caused  by  the  presence  of  plants  and  microscopic  organ- 
isms in  the  water ;  but  there  is  no  reason  to  think  that  these  waters  are 
unsafe  for  drinking,  though  they  may  at  times  have  an  objectionable  taste 
and  odor. 
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The  ice  found  in  the  ice  houses  upon  the  shores  of  these  ponds  contains 
particles  of  the  vegetable  matters  present  in  the  pond  when  the  ice  was 
formed ;  but  the  ice  is  in  other  respects  of  good  quality  and,  in  the  opinion 
of  the  Board,  this  ice  is  safe  for  domestic  uses. 


Palmer  (Three  Rivers). 

July  11, 1904. 

To  the  Board  of  Health  of  the  Town  of  Palmer ^  J.  P.  Schkbidbr,  M.D.,  Chairman. 

Gentlemen  :  —  In  accordance  with  your  request  of  June  13,  for  an  ex- 
amination of  the  ice  sold  in  Three  Rivers,  Palmer,  for  domestic  purposes, 
the  Board  has  caused  samples  of  ice  at  present  in  store  in  an  ice  house 
near  the  Quaboag  River  in  Three  Rivers,  which  the  Board  is  informed  was 
hai-vested  from  that  river  during  the  past  winter,  to  be  analyzed. 

The  Quaboag  River  drains  a  large  area,  and  receives  the  sewage  of 
Palmer,  three  miles  above  Three  Rivers,  beside  much  other  pollution.  A 
sewer  from  the  village  of  Three  Rivers  discharges  into  the  stream  opposite 
the  place  from  which  the  ice  is  cut. 

The  ice  examined  was  found  to  consist  of  about  six  inches  of  clear  ice 
and  five  inches  of  snow  ice,  evidently  formed  above  the  clear  ice  by  rain 
or  flooding.  The  results  of  an  analysis  of  a  sample  of  this  ice  show  that 
the  snow  ice  contains  a  large  quantity  of  organic  matter,  and  that  the  clear 
ice  contains  more  organic  matter  than  is  found  in  good  ice. 

Considering  the  circumstances,  the  Board  cannot  regard  this  ice  as  safe 
for  use  where  it  may  come  in  contact  with  food  or  dnnking  water. 

Qdinoy. 

March  3,  190ft. 
To  the  Board  of  Health  of  the  City  of  Quincy. 

Gentlemen:  —  In  response  to  your  application  for  an  examination  of 
the  ice  hai*vested  from  Furnace  Pond  by  the  Eaton  Ice  Company  during 
the  present  winter,  and  advice  as  to  its  quality  for  domestic  purposes,  the 
Board  has  caused  several  examinations  to  be  made  while  the  ice  was  being 
harvested  from  this  source,  and  several  samples  of  the  ice  to  be  analyzed. 

The  results  of  the  examinations  show  that  the  ice  was  planed  or  shaved 
before  storing,  and  the  snow  ice  and  a  considerable  depth  of  the  ice 
which  first  formed  upon  the  pond  were  removed,  and  pieces  of  ice  contain- 
ing foreign  matter  were  rejected.  A  considerable  quantity  of  grass  and 
other  debris  was  floating  in  the  water  of  the  pond  when  ice  first  formed 
upon  it,  and  was  included  in  the  first  crop  of  ice ;  but  nearly  all  of  this  float- 
ing material  was  subsequently  removed  from  the  ice  by  planing  or  shaving 
off  a  depth  of  several  inches  before  storing  it  in  the  ice  houses.  The  ice 
of  this  first  crop,  excepting  portions  containing  foreign  matter,  was  of 
good  quality. 

Analyses  of  several  samples  of  the  ice  of  subsequent  crops  show  that  the 
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number  of  bacteria  present  ia  this  ice  is  not  large,  and  none  of  the  bacteria 
characteristic  of  sewage  was  found  in  the  samples  analyzed. 

Under  the  clFcumstances,  the  Board  is  of  the  opinion  that  ice  harvested 
from  Furnace  Pond  during  the  present  winter  may  safely  be  used  for 
domestic  purposes,  provided  that  ice  containing  pieces  of  wood,  leaves, 
grass  or  other  foreign  matters  be  excluded. 

• 

Westport. 

July  21. 1904. 
To  the  Board  of  Health  of  the  Town  of  Westport. 

Gentlemen: — The  attention  of  the  State  Board  of  Health  has  been 
called  to  the  condition  of  a  pond  on  the  Noquochoke  River,  situated  in  the 
village  at  the  head  of  Westport  River,  the  water  of  which  is  said  to  have 
been  polluted  by  the  discharge  of  sewage  from  mills  upon  the  stream  above 
daring  the  past  winter,  when  ice  was  harvested  therefrom. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engi- 
neers, and  finds  that  the  water  entering  this  pond  is  polluted  by  the  direct 
discharge  into  the  stream  of  water-closets  and  privies  in  two  factories,  one 
of  them  within  about  a  quarter  of  a  mile  and  the  other  within  about  a  mile 
above  the  pond. 

An  analysis  of  a  sample  of  ice  taken  from  an  ice  house  on  the  shore  of 
this  pond,  which  consisted  of  about  ten  and  one-half  inches  in  depth  of 
clear  ice  with  about  one  and  one-half  inches  of  snow  ice  on  top,  was  found 
to  contain  considerable  organic  matter,  and  a  much  larger  number  of  bac- 
teria than  is  found  in  ice  collected  from  unpolluted  sources.  The  Board 
is  informed  that  this  ice  is  not  used  for  domestic  purposes,  and,  in  the 
opinion  of  the  Board,  it  should  not  be  so  used. 

If  the  use  of  this  pond  as  a  source  of  ice  supply  is  to  be  continued,  the 
sewage  from  the  factories  referred  to  should  be  diverted  from  the  pond, 
and  collected  in  privies  or  cesspools  so  located  that  no  sewage  can  find  its 
way  into  any  of  the  streams  which  feed  the  pond. 

Sewerage  axd  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board  during  the 
past  year  in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

Brockton. 

March  3, 19M. 
To  the  Sewerage  Commissioners  of  the  City  of  Brockton . 

Gentlemen:  —  In  response  to  your  communication  of  February  12, 
stating  that  the  limit  of  the  capacity  of  your  present  works  for  purif^^iug 
sewage  has  been  reached,  and  desiring  advice  as  to  methods  of  increasing 
the  capacity  of  the  purification  works,  the  State  Board  of  Health  has 
caused  examinations  of  the  present  condition  of  the  filtration  area  to  be 
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made,  and  has  considered  the  information  furnished  by  previoas  examina* 
tions  and  by  the  records  of  the  operation  of  these  works  since  they  were 
first  used. 

The  results  of  the  examinations  show  that  the  capacity  of  the  present 
filters  for  purifying  thoroughly  all  of  the  sewage  of  the  city  of  Brockton 
has  practically  been  reached,  and  that  additional  capacity  is  required  in 
order  to  pro;«ride  adequately  for  the  purification  of  the  increasing  quantity 
of  sewage  from  the  city. 

The  soil  in  areas  adjacent  to  the  sewage  filter  beds  was  examined  very 
thoroughly  by  this  Board  previous  to  the  construction  of  the  present  works^ 
the  results  at  that  time  showing  that  the  best  land  in  the  vicinity  of  the 
present  area  for  the  extension  of  the  filter  beds  was  situated  just  west  of 
them,  within  the  limits  of  the  town  of  Easton,  this  land  being  similar  in 
character  to  that  where  the  filter  beds  are  now  located,  and  superior  in 
topography,  character  of  soil  and  distance  from  habitations  to  land  either 
east  or  north  of  the  filter  beds.  These  conditions  have  not  changed  in  the 
years  since  that  examination  was  made,  and  filter  beds  constructed  on  this 
land  would  be  located  farther  from  dwelling  houses  than  the  present  filter 
beds. 

In  the  opinion  of  the  Board,  the  best  practicable  plan  of  increasing  the 
capacity  of  the  works  for  purifying  the  sewage  of  the  city  of  Brockton  is 
to  construct  additional  filter  beds  upon  the  land  in  the  town  of  Easton 
adjacent  to  the  present  filter  beds,  on  their  westerly  side. 

Fairhaven. 

Aug.  4,  1904. 

To  the  Board  of  Sexoer  Commissioners  of  the  Town  of  Fairhaven^  Mass.t  Mr.  E.  G.  Paull, 

Chairman. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  July  26 
the  following  application  for  advice  with  reference  to  a  proposed  system  of 
sewerage  for  the  locality  known  as  Oxford  Village,  in  the  town  of  Fair- 
haven  :  — 

The  general  plan  is  as  shown  with  an  outfall  into  '*  Acashnet  Rlver/^  so  called, 
at  the  southerly  end  of  Cherry  Street.  The  outfall  will  be  of  iron  pipe,  carried 
out  as  far  as  may  be  deemed  advisable.  Sewers  on  the  combined  system  are 
contemplated. 

Of  course  the  commissioners  realize  the  lack  of  current  in  the  immediate  vicinity 
of  Cherry  Street,  but  by  carrying  the  outfall  out  as  above  suggested,  it  is  believed 
that  the  sewage  will  be  diluted  so  as  not  to  create  a  nuisance  on  the  shore. 

The  general  character  of  the  soil  in  the  district  proposed  to  be  sewered  is 
gravelly,  mixed  with  sand.  The  soil  is  extremely  absorbent  except  near  Cooke 
Street,  where  the  hardpan  is  of  great  detriment  to  construction  of  satisfactory 
cesspools,  and  it  is  mainly  the  residents  on  this  street  who  have  pushed  the 
matter  of  sewerage. 

Good  grades  are  obtainable  in  all  streets  shown  on  plan. 
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The  water-shed  east  of  Main  Street  is  only  shown  very  approximately,  from  a 
mere  cnrsory  inspection  of  the  territory.  Tlie  land  is  so  nearly  level  and  so  very 
absorbent  that  it  was  not  deemed  necessary  to  make  a  topographical  survey. 

The  sizes  of  pipe  are  based  on  an  estimate  of  25  acres,  more  or  less,  of  imper- 
vious area  as  streets  and  houses  in  the  future. 

The  present  population  of  the  district  may  be  300 ;  but  this  section  of  the  town 
is  bound  to  increase  rapidly  in  the  next  ten  or  fifteen  years. 

It  is  purposed  this  year  to  put  in  the  trunk  sewer  in  Cherry^Street,  and  run 
through  Cooke  and  Main  streets,  as  shown  in  full  lines.  Next  year  the  full  line 
system  will  probably  be  completed,  and  there  may  be  further  extensions. 

The  application  was  accompanied  by  a  plan  of  the  projected  sewer  system 
for  Oxford  YiUage  and  of  the  proposed  outlet,  located  at  a  point  in  New 
Bedford  harbor  about  250  feet  from  the  shore  at  high  water. 

The  Board  has  already  considered  a  plan  of  sewerage  for  this  village  at 
a  previous  time,  when  it  was  proposed  to  discharge  the  sewer  near  Cooke 
Street ;  and  at  that  time  advised  yon  as  follows :  — 

It  is  probable,  in  the  opinion  of  the  Board,  that,  if  the  outlet  of  the  proposed 
Cooke  Street  sewer  should  be  carried  farther  to  the  south,  to  some  point  opposite 
the  end  of  Oxford  Street,  or  between  there  and  the  end  of  West  Street,  where 
deeper  water  can  be  reached  at  no  great  distance  from  the  shore,  the  small  quan- 
tity of  sewage  which  this  sewer  will  receive  can  be  discharged  into  the  harbor 
for  a  time  without  creating  a  serious  nuisance.  Sewage  can  be  brought  to  this 
place  by  a  pipe  laid  along  the  shore,  or  possibly  by  a  sewer  which  would  pass 
part  of  the  way  through  private  lands  between  North  Street  and  Oxford  Street. 
It  is  desirable,  in  the  opinion  of  the  Board,  to  keep  storm  water  out  of  this  sewer, 
and  to  dispose  of  the  storm  water  by  a  separate  channel,  since  this  water,  if 
unpolluted  by  sewage,  can  be  discharged  into  the  harbor  at  any  convenient  place 
without  creating  oljectionable  conditions. 

In  the  opinion  of  the  Board,  it  would  be  of  much  advantage  to  the  town,  since 
other  sewers  seem  likely  to  be  required  for  small  sections  in  the  northerly  part 
of  the  town  before  long,  to  prepare  a  general  plan  for  the  sewerage  of  those 
portions  of  the  town  not  now  provided  with  sewerage.  When  such  a  plan  has 
been  prepared  and  a  suitable  outlet  for  the  sewage  selected,  it  will  be  possible 
to  build  local  sewers  from  time  to  time,  with  temporary  outlets,  if  suitable  outlets 
can  be  found,  in  such  a  manner  that  these  sewers  can  form  part  of  a  general 
system  at  some  future  time. 

The  Board  has  cansed  the  locality  to  be  examined  by  its  engineer,  and 
has  considered  the  plan  and  the  description  of  the  proposed  system. 

The  outlet  now  proposed,  instead  of  being  located  near  the  point  in  the 
Deighborbood  of  Oxford  or  West  streets,  as  suggested  in  the  communica- 
tion of  the  Board  quoted  above,  is  located  in  the  cove  farther  south, 
toward  which  the  prevailing  winds  blow  in  summer ;  and,  there  being  little 
or  no  current  in  this  part  of  the  harbor,  floating  matters  deposited  in  the 
waters  in  the  neighborhood  of  the  proposed  outlet  would  be  carried  quickly 
to  the  shore. 
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It  would  be  practicable  to  carry  the  outlet  farther  west  than  the  location 
now  indicated,  and  to  discharge  the  sewage  into  deep  water  off  the  point 
beyond  West  Street,  where  it  is  likely  that  this  sewage  can  be  dischai^ed 
for  a  time  without  seriously  fouling  the  water  or  the  shores  in  the  neigh- 
borhood ;  and  the  Board  would  advise  that,  if  sews^e  is  discharged  into 
the  harbor  in  this  region,  it  be  discharged  at  an  outlet  located  off  the  point 
indicated,  well  beyond  the  shore  at  low  tide. 

The  plan  submitted  is  also  objectionable  in  that  provision  is  made  for 
taking  storm  water  into  the  sewers.  It  is  likely  that,  if  the  population  in 
this  region  grows  rapidly,  as  now  seems  probable,  it  will  be  necessary  to 
remove  the  sewage  to  some  more  suitable  outlet  farther  south ;  and  this 
can  be  done  more  economically  if  the  sewers  are  built  upon  the  separate 
plan  than  if  they  receive  both  sewage  and  storm  water.  Moreover,  the 
storm  water  can  be  disposed  of  at  convenient  points  on  the  shore,  by 
means  of  comparatively  short  channels ;  and  it  will  probably  be  less 
expensive  to  construct  the  works  if  the  sewage  is  kept  separate  from  the 
storm  water,  than  by  employing  the  combined  system.  The  Board  would, 
therefore,  advise  that  the  sewers  be  built  for  sewage  only,  and  that  the 
storm  water  be  discharged  through  separate  channels. 

Falmouth. 

March  3, 1904. 
To  the  Board  of  Health  of  the  Town  of  Falmouth. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Febru- 
ary 18  plans  of  a  proposed  system  of  sewerage  for  the  village  of  Falmouth 
Heights,  which  provide  for  collecting  the  sewage  in  a  separate  system  of 
sewers,  discharging  into  Vineyard  Sound  at  two  outlets,  one  at  the  westerly 
end  of  the  village  near  Bowman's  Pond,  and  the  other  at  the  easterly  end 
of  the  village  near  Little  Pond.  It  is  proposed  to  locate  the  outlets  about 
100  feet  beyond  low-water  line,  where  there  is  said  to  be  a  depth  of  about 
8  feet  of  water  at  low  tide.  The  principal  part  of  the  sewage  of  the  village 
would,  by  this  plan,  be  discharged  at  the  easterly  outlet,  the  westerly  out- 
let being  designed  to  serve  only  a  few  houses  on  the  westerly  slope  of  the 
hill. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers, 
and  has  considered  the  proposed  plan.  No  profiles  or  plans  showing  the 
slopes  of  the  proposed  sewers  have  been  submitted,  and  the  Board  is  un- 
able to  advise  whether  or  not  the  proposed  sewers  are  of  adequate  capacity 
for  the  removal  of  all  of  the  sewage  of  the  area  which  they  are  designed  to 
serve. 

The  proposed  outlets  are  objectionable  on  account  of  their  nearness  to 
shore,  and  the  danger  that  solid  matters  from  the  sewage  may  be  carried 
upon  the  beach,  which,  it  is  understood,  is  used  for  bathing  by  large  num- 
bers of  people  in  the  summer  season.     The  westerly  outlet  seems  likely  to 
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be  the  more  objectionable  of  the  two.  The  number  of  houses  which  will 
be  connected  with  the  proposed  sewer  dischai^ing  at  this  outlet  is  small, 
tLud  the  sewage  of  these  houses  could  probably  be  disposeck  of  by  cesspools 
without  special  difficulty  or  objection,  until  the  locality  becomes  more 
densely  populated. 

No  information  is  submitted  to  show  the  direction  of  the  currents  at  dif- 
ferent stages  of  the  tide,  and  the  Board  is  unable  to  advise  as  to  the  prob- 
able moTement  of  the  sewage  if  discharged  at  the  proposed  easterly  outlet. 
There  seems  to  be  much  danger,  however,  that  floating  matters  from  the 
sewage  might  be  earned  to  the  shore ;  and,  if  the  sewage  is  to  be  dis- 
charged into  the  sound  at  this  place,  the  Board  would  advise  that  the  sewer 
outlet  be  carried  out  to  a  point  at  least  200  feet  from  the  shore  at  low 
water,  and  that  the  sewage,  before  being  discharged,  be  passed  through  a 
tank  for  the  removal  of  floating  matters.  It  would  be  practicable  to  purify 
this  sewage  upon  land  not  far  from  the  village,  and  avoid  discharging  it 
into  the  sea ;  but  it  would  be  necessary  in  that  case  to  pump  the  sewage, 
and  the  cost  of  the  works  would  be  greater  than  the  cost  of  discharging 
it  into  the  sound.  If  the  proposed  outlet  should  become  objectionable, 
however,  the  sewage  could  be  disposed  of  on  land. 

Grafton  (Colony  for  Insane). 

Aug.  4,  1904. 
To  the  Trustees  qf  the  Worcester  Insane  Hospital^  E.  V.  Scribxbb,  M.D.,  Suiyer'uxtendent. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  plans  for 
the  disposal  of  the  sewage  from  buildings  of  the  Grafton  Colony  of  the 
Worcester  Insane  Asylum,  in  Shrewsbury,  Grafton  and  Westborough. 
These  plans  provide  for  the  disposal  of  the  sewage  of  the  women's  build- 
ing and  power  plant  upon  sand  filter  beds  in  Grafton,  adjacent  to  the 
boundary  line  between  Shrewsbury  and  Grafton,  about  100  feet  west  of 
the  boundary  line  between  Grafton  and  Westborough. 

The  soil  of  this  region,  judging  from  surface  indications  and  the  material 
found  in  a  test  pit,  is  apparently  composed  of  porous  material,  suitable  for 
the  purification  of  the  sewage  by  intermittent  filtration ;  and,  in  the  opinion 
of  the  Board,  it  is  probable  that  filter  beds  can  be  constructed  in  this 
vicinity  upon  which  it  will  be  practicable  to  purify  efficiently  the  sewage  of 
the  buildings. 

The  plans  show  a  small  filter  bed  located  south  of  the  Boston  &  Albany 
Bailroad  tracks  and  about  800  feet  south  of  the  filter  bed  referred  to  above, 
which  is  to  be  used  for  the  disposal  of  the  sewage  of  several  buildings  in 
this  neighborhood.  A  test  pit  dug  at  the  location  of  these  beds  shows 
that  the  soil  is  very  fine ;  but,  judging  from  surface  indications,  the  land 
farther  down  the  hill  near  the  railroad  is  composed  of  material  suitable  for 
the  purification  of  sewage  by  intermittent  filtration. 
The  sewage  of  a  building  located  in  the  northerly  portion  of  the  area  is 
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also  to  be  disposed  of  upon  a  sand  filter  bed.  It  would  be  practicable  to 
convey  the  sewage  into  the  sewer  which  removes  the  sewage  from  the 
power  house  and  the  women's  building,  and  this  may  be  the  best  plan  of 
disposing  of  this  sewage.  The  quantity  of  sewage  to  be  disposed  of  from 
this  building  will  be  very  small ;  and,  unless  the  building  is  enlarged  or 
others  should  be  built  in  this  neighborhood,  it  will  probably  be  best  to  dis- 
pose of  the  sewage  upon  artificial  filter  beds  near  the  building.  There  is 
no  soil  suitable  for  the  purpose  available  in  the  neighborhood,  but  filters 
can  undoubtedly  be  constructed  by  hauling  sand  or  gravel  from  other 
portions  of  the  land  owned  by  the  hospital. 

No  details  of  any  of  the  proposed  filter  beds  are  shown  on  the  plans 
submitted  ;  and,  as  already  indicated,  the  chai*acter  of  the  soil  at  the  place 
at  which  it  is  proposed  to  construct  filter  beds  has  not  yet  been  examined 
sufficiently  by  means  of  test  pits.  The  soil  should  be  carefully  examined 
before  the  sewers  are  built,  in  order  that  suitably  constructed  filter  beds  of 
ample  area  shall  be  provided  at  each  place.  When  you  have  prepared 
further  details  of  the  plans  of  sewage  disposal,  the  Board  will,  if  you  so 
request,  advise  you  concerning  them. 

You  have  also  requested  advice  as  to  the  proposed  water  supply  for  the 
institution.  Two  sources  have  been  indicated  by  you  :  one  being  a  spring 
south-west  of  Green  Hill  and  a  short  distance  north  of  the  water  tower ; 
and  the  other,  springs  near  the  Bostx)n  &  Albany  Railroad,  south-west  of 
the  proposed  sewage-disposal  area.  An  analysis  of  the  water  of  the  first- 
mentioned  spring  shows  that  it  is  of  excellent  quality  for  drinking  pur- 
poses, and  the  quantity  flowing  at  the  time  the  examination  was  made 
would  be  ample  for  the  present  requirements  of  the  institution.  The 
springs  near  the  railroad  are  located  at  a  much  lower  level ;  but  it  is  prob- 
able that  water  of  excellent  quality  can  be  obtained  from  the  ground  at 
this  place,  and  in  larger  quantities  than  from  the  spring  near  the  water 
tank.  While  a  sufficient  supply  can  doubtless  be  obtained  for  the  present 
from  the  spring  near  the  water  tower,  and  the  expense  of  obtaining  a 
supply  from  that  source  would  be  less,  the  board  would  advise  that  the 
water  of  the  springs  near  the  railroad  be  also  carefully  protected  from 
pollution,  since  that  source  is  a  desirable  one,  and  is  likely  to  be  required 
at  some  future  time. 

Great  Barrington. 

March  3,  1904. 

To  the  Sidewalk  and  Sewer  Commissioners ^   Great  Barrington,  Mass.,  Mr.  John    K. 

SiaoiNs,  Clerk. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Feb.  8, 

1904,  plans  of  sewerage  for  two  small  districts,  containing  together  about 

forty  dwelling  houses,  in  the  noi-therly  portion  of  the  village  of  Great 

Barrington,  —  one  on  the  easterly  and  the  other  on  the  westerly  side  of 

the  Housatonic  River,  —  which  provide  for  collecting  the  sewage  into  a 
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fljstem  of  pipe  sewers,  and  for  outlets  into  the  Housatonic  River  above  the 
Russell  mill  dam,  so  called.  The  sewer  on  the  easterly  side  of  the  river 
will,  according  to  the  plan,  discharge  into  the  river  about  350  feet  above 
the  dam  and  about  30  feet  from  shore ;  that  on  the  westerly  side  will  dis- 
charge into  the  river  about  2,400  feet  above  the  dam  and  about  30  feet 
from  shore. 

The  Board  has  caused  the  conditions  about  the  proposed  outlets  to  be 
examined  by  one  of  its  engineers ;  and  having  carefully  considered  the 
proposed  plans,  concludes  that  the  discharge  of  sewage  from  the  small 
areas  indicated  on  the  plan  into  the  Housatonic  River  at  the  outlets  shown 
is  permissible  under  existing  conditions,  and  advises  the  adoption  of  these 
plans  for  the  disposal  of  the  sewage  from  these  areas.  The  Board  would 
advise  that  in  the  construction  of  these  sewers  surface  and  roof  water  be 
excluded,  and  that  in  general  in  the  construction  of  sewers  in  the  town  the 
separate  system  of  sewerage  be  employed ;  since  it  may  be  necessary  at 
some  future  time  to  remove  all  of  the  sewage  from  the  proposed  outlets 
and  from  the  various  existing  outlets  in  the  village  to  some  place  of  dis- 
posal farther  down  stream,  and  in  that  case  much  expense  ^ould  be  saved 
if  the  storm  water  is  kept  separate  from  the  sewage.  The  storm  water  can 
be  discharged  into  the  river  or  its  tributary  streams  at  convenient  points 
in  the  village  without  causing  objectionable  conditions. 

Haverhill. 

Oct.  6, 1904. 
To  the  Hon.  Bo8wbi.l  L.  Wood,  Mayor^  Haverhill^  Mass, 

Dear  Sir:  —  The  State  Board  of  Health  received  from  you  on  Sept.  3, 
1904,  an  application  for  advice  as  to  an  outlet  for  a  proposed  system  of 
sewers  in  the  Front  Street  district,  so  called,  in  the  section  of  the  city 
formerly  included  in  the  town  of  Bradford,  and  for  advice  relative  to  pro- 
posed plans  for  relief  of  the  present  sewer  system  in  ward  6,  in  the  north- 
westerly portion  of  the  city,  by  separating  the  sewage  from  the  storm  water 
in  a  portion  of  the  district,  and  by  providing  an  overflow  for  the  relief  of 
the  sewers  in  other  portions  of  the  district,  in  time  of  rain,  by  discharging 
a  part  of  the  mingled  sewage  and  storm  water  at  such  times  into  a  mill 
pond  on  Little  River  or  tributaries  of  that  stream.  The  plans  showing  the 
details  of  the  proposed  method  of  collecting  and  disposing  of  the  sewage 
m  the  latter  areas  were  submitted  with  the  application. 

The  proposed  plans  for  the  sewerage  of  the  Front  Street  district  provide 
for  constructing  sewers  in  substantial  accordance  with  plans  considered 
by  this  Board  at  a  previous  time,  which  provided  for  the  construction  of 
sewers  to  receive  both  sewage  and  storm  water.  It  is  now  proposed,  in 
constructing  the  outlet  for  this  system,  to  discharge  the  dry-weather  flow 
of  sewage  through  a  submei^ed  outlet  about  160  feet  from  the  south  bank 
of  the  river  at  ordinary  high  water,  allowing  the  excess  of  flow  of  mingled 
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sewage  and  storm  water  at  times  of  storm  to  discharge  at  the  edge  of  the 
river.  The  Board  is  informed  that  a  samp,  or  sand-catcher,  is  to  be  placed 
in  the  bottom  of  the  Front  Street  sewer  above  the  upper  end  of  the  sub- 
merged outlet,  to  collect  sand  and  similar  materials  which  might  tend  to 
obstruct  the  pipe. 

The  Board  has  considered  the  plan  of  the  proposed  outlet,  and  has  caused 
the  locality  to  be  examined  by  one  of  its  engineers.  It  is  very  important, 
in  the  opinion  of  the  Board,  to  discharge  the  dry- weather  flow  of  sewage 
from  this  outlet  at  a  considerable  distance  from  the  shore,  since  there  is  an 
eddy  along  the  shore  at  this  place,  in  which  the  sewage,  if  discharged  at 
the  edge  of  the  stream,  would  be  liable  to  collect  and  create  a  nuisance. 
There  is  no  reason  why  a  submerged  outlet,  as  proposed,  should  not  operate 
satisfactorily  at  this  place  if  properly  constructed,  provided  it  receives  the 
necessary  care  to  insure  the  removal  of  sand  from  the  sump  and  matters 
which  might  tend  to  clog  the  submerged  pipe. 

The  territory  considered  in  the  proposed  plans  for  changes  in  the  sewer- 
age and  drainage  system  in  the  north-westerly  part  of  the  city  is  included 
approximately*  between  Round  Pond  on  the  east  and  Little  River  on  the 
west,  and  between  Eleventh  Avenue  and  Sheridan  Street  on  the  north, 
and  John  Street,  Fourth  Avenue  and  Howard  Street  on  the  south.  This^ 
district  includes  nearly  350  acres,  practically  all  of  which  is  within  the 
water-shed  of  Little  River.  The  sewage  of  the  district  is  at  present 
removed  in  a  marginal  sewer,  so  called,  in  the  valley  of  Little  River, 
through  which  it  is  conveyed  to  the  Merrimack  River. 

The  southerly  portion  of  this  district  is  already  served  by  a  combined 
system  of  sewers,  while  in  the  northerly  portion  the  sewers  are  constructed 
almost  entirely  upon  the  separate  plan.  It  is  now  proposed  to  extend  the 
separate  system  in  the  northerly  part  of  the  district  to  include  about  162 
acres,  by  discontinuing  all  connections  through  which  storm  water  is  now 
discharged  into  the  sewers,  and  by  providing  at  the  same  time  a  general 
system  of  storm-water  drains  to  convey  the  storm  water  to  a  small  tribu- 
tary of  Little  River,  allowing  the  sewage  to  flow  as  at  present  into  the 
main  sewer  in  the  Little  River  valley. 

It  is  proposed  to  divide  the  southerly  portion  into  two  parts  of  nearly 
equal  size,  in  the  northerly  of  which  it  is  proposed  to  introduce  gradually 
the  separate  system,  while  in  the  southerly  portion  the  use  of  the  combined 
system  will  be  continued.  By  this  plan  the  storm  water  in  these  two 
areas,  comprising  184  acres,  will  in  part  continue  to  flow  in  the  same  chan- 
nels with  the  sewage  for  the  present ;  and,  in  order  to  obtain  relief  from 
the  overflowing  of  the  sewers  in  the  low  part  of  these  areas  at  times  of 
heavy  rain,  it  is  proposed  to  provide  an  outlet  into  Little  River,  through 
which  the  excess  of  flow  of  mingled  sewage  and  storm  water  above  the 
capacity  of  the  main  sewer  in  the  Little  River  valley  may  be  discharged 
into  the  mill  pond  on  Little  River. 


No.  84.]         ADVICE   TO  CITIES    AND   TOWNS.  79 

The  proposed  overflow,  as  indicated  upon  the  plans  submitted,  will  run 
westerly  from  Primrose  Street  through  a  proposed  street,  and,  after  cross- 
ing Hale  Street,  will  pass  through  private  land  under  the  Boston  <&  Maine 
Railroad  to  the  Little  River.  Between  Primrose  and  Hale  streets  the 
outlet  will  have  a  diameter  of  60  inches.  It  is  proposed  at  the  present 
time  to  baild  only  the  portion  of  this  outlet  lying  between  Primrose  and 
Hale  streets,  and  to  extend  a  36-inch  pipe  northerly  in  Hale  Street  to  a 
small  arm  of  Little  River,  and  subsequently  to  extend  the  main  outlet 
from  Hale  Street  to  the  river,  reducing  its  diameter  to  44  inches.  Storm- 
water  overflows  will  be  provided  from  the  sewers  which  receive  storm 
water,  by  which  the  excess  of  flow  in  the  combined  sewers  in  the  district 
indicated  will  be  discharged  through  this  outlet  at  times  of  storm. 

The  Board  has  considered  the  plans  and  the  information  submitted,  and 
concludes  that  there  will  be  no  objection  to  the  discharge  of  storm  water, 
if  uopoUated  by  sewage,  into  Little  River  or  any  of  its  tributaries ;  but 
that,  if  any  considerable  quantity  of  sewage  should  be  discharged  into 
Little  River,  a  serious  nuisance  would  be  likely  to  result.     The  district 
under  consideration  is  not  at  present  thickly  populated,  however,  and  it 
will  be  pi*acticable,  under  existing  conditions,  by  building  storm- water 
drains,  to  prevent  the  overflow  of  sewage  except  in  heavy  stoims  and  at 
infrequent  intervals ;  and,  if   mingled  sewage  and  storm  water  are  dis- 
charged into  Little  River  above  the  dam  at  Winter  Street  at  such  times 
only,  the  Board  is  of  the  opinion  that  objectionable  conditions  are  unlikely 
to  result.     If  the  sewage  should  be  discharged  into  the  small  arm  of  Little 
River  east  of  the  railroad,  as  proposed,  a  nuisance  might  be  created. 

The  expense  of  extending  the  60-inch  sewer  or  drain  directly  to  Little 
River  at  its  full  size  in  the  beginning  will  not  be  greatly  in  excess  of 
that  of  the  plan  now  proposed ;  and,  in  the  opinion  of  the  Board,  it  is 
important  that  in  this  respect  the  plans  be  modified,  and  the  drain  be 
extended  to  Little  River  in  the  beginning.  With  this  modification,  the 
Board  is  of  the  opinion  that  the  plan  is  an  appropriate  one  for  the  sewer- 
age of  the  district  in  question,  and  for  removing  the  objectionable  con- 
ditions DOW  existing  by  the  overflow  from  existing  sewers  in  this  area. 

Nov.  3,  1904. 
To  the  Board  of  Harbor  and  Land  Commissioners^  Mr.  Woodward  Eubry,  Chairman. 

Gentlemen  :  —  Since  the  receipt  of  your  communication  of  November  1 , 
the  Board  has  caused  the  location  of  tl^e  proposed  sewer  outlet  at  Haverhill 
to  be  examined  by  its  engineer,  to  determine  whether  any  objection  exists, 
from  a  sanitary  point  of  view,  to  the  discharge  of  sewage  at  the  point 
indicated  upon  the  plan  submitted  by  you, ;—  about  75  feet  from  the  shore 
at  high  water ;  and  finds  that  the  bottom  of  the  nver  in  this  region  is  some- 
what uneven,  and  that  a  small  area  is  exposed  beyond  the  pipe  at  extreme 
low  water. 
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Considering  the  circumstances,  the  Board  is  of  the  opinion  that,  if  the 
sewer  pipe  should  be  extended  50  feet  beyond  the  terminus  indicated  on 
your  plan,  objectionable  conditions  are  unlikely  to  result. 

HOLYOKE. 

Sbft.  1,  1904. 

To  the  Board  of  Public  Works  of  Vie  City  of  Holyoke. 

Gentlemen  ;  —  The  State  Board  of  Health  has  considered  your  request 
for  advice  as  to  a  modification  of  the  plan  for  the  disposal  of  the  sewage 
of  the  Highland  district,  so  called,  in  the  city  of  Holyoke,  and  has  caused 
the  locality  to  be  examined  by  one  of  its  engineers. 

The  question  of  the  disposal  of  the  sewage  from  this  district  has  already 
been  considered  by  the  Board  in  response  to  previous  requests  of  the  city 
of  Holyoke ;  and,  as  the  matter  now  stands,  the  plans  which  have  been 
proposed  by  the  city  and  the  adoption  of  which  has  been  advised  by  the 
State  Board  of  Health  provide  for  conveying  this  sewage  through  a  sewer 
to  be  laid  along  the  westerly  bank  of  the  Connecticut  River  to  a  junction 
with  the  Walnut  Street  sewer,  so  called,  whence  the  sewage  of  both  sewers 
is  to  be  conveyed  into  a  main  sewer  having  an  outlet  into  the  Connecticut 
River  below  the  city ;  so  that,  when  these  plans  have  been  carried  out  and 
the  necessary  sewers  have  been  built,  all  of  the  sewage  of  the  city  will  be 
discharged  below  the  dam. 

You  now  request  the  advice  of  the  Board  as  to  a  modification  of  this 
plan,  and  have  presented  a  plan  which  provides  for  collecting  the  sewage 
of  the  Highland  district  at  the  head  of  the  dingle,  so  called,  —  a  ravine 
through  which  the  surface  water  now  runs  to  the  Connecticut  River,  — 
and  conveying  it  through  a  10-inch  iron  pipe  across  the  island  which  has 
formed  near  the  westerly  bank  of  the  river  to  a  point  of  discharge  in  the 
Connecticut  River  east  of  the  island  and  about  midway  between  the  island 
and  the  South  Hadley  shore  ;  and  you  request  the  advice  of  the  Board  as 
to  the  disposal  of  the  sewage  of  the  Highland  district  in  this  way  for  a 
period  of  from  five  to  seven  years,  at  the  end  of  which  time  you  propose 
to  dispose  of  it  in  connection  with  the  sewage  discharged  at  the  Walnut 
Street  outlet,  according  to  the  plan  outlined  above. 

The  Board  has  carefully  considered  this  plan,  and  concludes  that  sewage 
discharged  at  the  proposed  outlet  would  quickly  mingle  with  the  water  of 
the  river,  and  would  not  create  a  nuisance  in  the  neighborhood ;  but  the 
sewage-polluted  water  will  be  quickly  carried  into  the  canals  in  the  city, 
whence  it  is  drawn  by  the  mills  for  various  mechanical  and  manufacturing 
purposes,  and  is  liable  to  be  used  for  drinking. 

The  Board  believes  it  important  for  the  city  to  remove  all  of  the  sewage 
to  some  point  of  discharge  below  the  Holyoke  dam.  The  saving  in  ex- 
pense to  the  city  by  constructing  the  temporary  outlet  now  proposed  and 
using  it  for  a  period  of  from  five  to  seven  years  would  not  be  great ;  and 
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the  Board  believes  the  better  plan  for  the  city  of  Holyoke  to  adopt  would 
be  to  convey  the  sewage  in  the  beginning  to  a  point  of  connection  with  the 
Walnat  Street  sewer,  as  provided  in  the  plans  presented  to  this  Board  in 
1900. 

HCBBARDSTON. 

July  7,  1904. 

To  the  Board  of  Health  of  the  Town  of  Hubbardston,  W.  T.  Kxowlton,  M.D.,  Chairman, 

Gs^tTLEMEN: — The  State  Board  of  Health  has  considered  your  request 
for  advice  as  to  the  removal  of  certain  unsanitary  conditions  in  the  village 
of  Hubbardston,  which  you  describe  as  follows :  — 

At  the  present  time  the  surface  water  from  the  main  street  of  the  town  is  col- 
lected into  two  msdn  drains  or  ditches,  and  this  is  emptied  onto  private  land. 
This  land  is  low,  and  the  water  accumulates,  forming  a  long,  shallow  body  of 
stagnant  water,  within  a  very  short  distance  of  numerous  wells  used  for  drinking 
purposes.  After  a  heavy  rain  the  conditions  are  greatly  aggravated.  Certain 
wells  at  this  time  are  unfit  for  use,  owing  to  surface  water  which  percolates  into 
them.    This  condition  has  existed  for  a  long  time. 

Now,  I  would  like  to  ask  if  the  Board  will  .  .  .  look  into  this  condition,  and 
suggest  a  means  to  remedy  the  present  nuisance.  It  is  a  constant  source  of 
menace  to  health,  as  there  have  been  several  cases  of  typhoid  and  a  number  of 
cases  of  intestinal  disorders  that  have  fallen  under  my  notice. 

In  response  to  this  application,  the  Board  has  caused  the  locality  to  be 
examined  by  one  of  its  engineers  and  samples  of  water  from  wells  in  the 
locality  indicated  to  be  analyzed. 

As  a  result  of  the  examination,  it  appears  that  surface  water  from  the 
northerly  end  of  the  village  flows  naturally  to  a  swampy  area,  just  west  of 
the  main  street,  and  that  drains  have  been  constructed  to  convey  the  surface 
water  to  this  area,  which  discharge  not  far  from  the  westerly  side  of  the 
street.  The  swampy  area  into  which  these  drains  discharge  is  bordered 
with  dwelling  houses  not  much  above  the  level  of  the  swamp,  and  sewage 
from  these  houses,  as  well  as  from  others  in  the  neighborhood,  is  discharged 
upon  this  area  or  into  adjacent  ditches.  Attempts  appear  to  have  been 
made  to  drain  the  swamp,  but  the  drains  dug  for  this  purpose  are  ineffective. 

Analyses  of  samples  of  water  from  two  of  the  wells  near  the  edge  of  the 
swamp  used  as  sources  of  drinking-water  supply  show  that  they  are  grossly 
polluted  by  sewage,  and  other  wells  in  this  locality  are  probably  also  seri- 
ously polluted  by  sewage. 

It  is  evidently  practicable  to  drain  the  meadow  and  prevent  surface  water 
from  standing  thereon  and  flooding  the  wells,  and  it  is  very  desirable  that 
this  area  should  be  drained,  for  sanitary  reasons ;  but  the  soil  in  this 
region  is  very  fine  and  nearly  impervious  to  water,  and  a  nuisance  would 
probably  continue  to  exist  by  reason  of  the  disposal  of  sewage  from  the 
dwelling  houses  in  this  region,  and  some  means  of  disposing  of  this  sewage 
is  also  required. 
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A  survey  will  be  necessary  to  determine  the  best  method  of  improving 
these  conditions,  and  the  Board  would  advise  that  you  have  an  investiga- 
tion made,  and  a  plan  for  the  drainage  of  this  section  and  the  dispoBal  of 
the  sewage  prepared.  When  the  results  of  further  investigations  are  avail- 
able, the  Board  will,  upon  application,  give  you  further  advice  in  this 
matter. 

The  most  serious  injury  to  health  caused  by  the  conditions  now  com- 
plained of  is  probably  caused  by  the  pollution  of  the  wells  in  this  neighbor- 
hood, and  the  Board  would  advise  that  the  further  use  of  water  from  these 
polluted  wells  be  prevented  at  once.  An  examination  of  wells  in  other 
parts  of  the  village  of  Hubbardston  shows  that  many  of  them  are  badly 
polluted  by  sewage. 

A  public  water  supply  is  greatly  needed  in  this  village,  and  there  are 
sources  in  its  immediate  neighborhood  from  which  an  adequate  water  supply 
could  apparently  be  obtained  with  little  difficulty  and  at  a  reasonable 
expense.  Many  villages  of  similar  size  are  already  provided  with  such 
supplies,  and  the  Board  would  advise  the  town  to  take  measures  without 
delay  to  determine  the  probable  cost  of  a  public  water  supply,  with  a  view 
to  the  introduction  of  such  a  supply  as  soon  as  practicable. 

Lenox. 

July  7,  1904. 

To  Messrs.  H.  D.  Kendall,  Bicha'Rd  C.  Brikb  and  T.  F.  Mackbt,  Sewer  Commissioners 

of  the  Town  of  Lenox. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  with  reference  to  enlarging  the  filtration  area  of  the  town 
of  Lenox  and  the  plans  of  the  proposed  new  filters  submitted  therewith, 
and  has  caused  the  locality  to  be  examined  by  one  of  its  engineers. 

The  plans  submitted  provide  for  four  filter  beds,  having  an  area  of  a 
little  less  than  one  and  one-half  acres,  including  the  embankments.  It  does 
not  appear  that  any  preliminary  examinations  of  the  soil  at  the  location  of 
these  filter  beds  were  made  ;  and  from  such  information  as  the  Board  has 
collected,  it  appears  that  the  soil  is  extremely  fine,  and  not  suited  to  the 
purification  of  sewage. 

An  examination  of  the  ground  on  the  slope  of  the  hill  not  far  from  the 
location  of  the  proposed  filter  beds  shows  that  in  some  places  at  least  the 
soil  consists  of  gravel  and  sand  of  good  quality  for  the  purification  of  sew- 
age by  intermittent  filtration,  and  it  appears  that  some  of  this  land  is  now 
used  for  the  disposal  of  a  small  quantity  of  sewage  by  means  of  trenches. 

The  Board  would  advise  that  a  careful  examination  of  the  soil  in  this 
region  be  made  by  means  of  test  pits,  to  detevmine  whether  it  is  practicable 
to  secure  a  sufficient  area  of  land  containing  porous  soil  for  the  purifica- 
tion of  the  sewage  of  Lenox,  so  located  that  its  use  for  purposes  of  sewage 
purification  would  not  be  objectionable.     If  it  is  not  practicable  to  find 
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such  an  area,  investigations  should  be  made  to  determine  whether  it  will 
be  practicable  to  constract  a  suflScient  area  of  filter  beds  for  the  puri- 
fication of  the  sewage  by  the  use  of  suitable  material  obtained  in  some 
other  locality. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
when  the  results  of  further  investigations  are  available. 

Sept.  1, 1904. 

To  Messrs.  Hsnbt  D.  Kskdall,  Richard  G.  Bbinb  and  T.  F.  Mackbt,  Sewer  Commit 

sioners  of  the  Town  of  Lenox. 

Gentlemen  :  — In  response  to  your  application  of  Aug.  8,  1904,  in  which 
you  state  you  have  made  further  investigations  as  to  the  disposal  of  the 
sewage  of  the  town  of  Lenox,  and  now  desire  further  advice  from  the  Board 
as  to  the  disposal  of  the  sewage  and  as  to  the  possible  danger  of  the  con- 
tamination of  the  water  supply  of  the  New  York,  New  Haven  &  Hartford 
Railroad  Company  at  Lenox  station  by  sewage  or  effluent  from  the  proposed 
works,  the  Board  has  considered  the  further  information  presented,  and 
has  caused  a  further  examination  of  the  locality  to  be  made  by  one  of  its 
engineers. 

It  appears  that  test  pits  have  been  dug  on  the  slope  of  the  hill  below  the 
filter  beds  proposed  in  your  last  communication  and  that  the  soil  found 
beneath  a  layer  of  loam  in  the  northerly  portion  of  the  land  owned  by  the 
town  consists  of  gravel  and  sand  suitable  for  the  purification  of  sewage  by 
intermittent  filtration ;  but  the  layer  of  porous  soil  is  underlaid  by  a  stratum 
of  fine  material  unsuitable  for  the  purification  of  sewage,  and  the  depth  of 
the  porous  layer  is  in  some  places  slight. 

It  appears,  from  the  investigations,  to  be  practicable  to  construct  in  this 
locality  a  limited  area  of  filter  beds  of  suitable  character  for  the  efiScient 
parification  of  sewi^e  by  intermittent  filtration ;  but  the  information  fur- 
Qished  by  your  investigations  is  insufficient  to  make  it  practicable  to  deter- 
mine whether  a  sufficient  area  of  filter  beds  can  be  constructed  by  the  use 
of  the  porous  material  in  this  locality  to  provide  adequately  for  the  puri- 
fication of  all  of  the  sewage  of  Lenox.     The  cost  of  constructing  filter  beds 
from  the  porous  material  found  in  the  northerly  poition  of  the  area  now 
owned  by  the  town  would  probably  be  large,  since  it  would  probably  be 
necessary  to  move  much  of  the  material  in  order  to  secure  filter  beds  of 
sufficient  depth  ;  and,  considering  the  limited  area  of  filter  beds  that  could 
probably  be  made  available  at  this  place,  it  is  desirable  to  make  other 
investigations  in  this  region,  to  determine  whether  filters  of  adequate  area 
for  the  purification  of  the  Lenox  sewage  cannot  be  constructed  at  some 
other  place  in  this  region  at  a  less  expense  than  on  the  area  now  in  use. 

The  two  filter  beds  recently  constructed  and  now  nearly  completed  con- 
tain soil  so  fine  that  water  from  the  rainfall  apparently  remains  upon  the 
surface  for  a  long  time  after  the  rain  has  ceased,  indicating  that  little  if 
any  sewage  would  pass  through  these  beds. 
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It  is  understood  that  you  propose  to  lay  uuderdrains  15  feet  apart  in 
these  beds,  and  to  refill  the  trenches  over  the  uuderdrains  with  sand  and 
gravel.  If  this  should  be  done,  these  filters  would  pass  some  sewage,  but 
their  capacity  would  be  limited  by  the  area  of  the  porous  material  over  the 
uuderdrains. 

The  Board  would  advise  that  a  further  and  more  thorough  investigation 
be  made  of  the  areas  available  for  the  purification  of  the  sewage  of  Lenox ; 
and,  when  further  investigations  have  been  made  and  plans  for  the  dis- 
posal of  the  sewage  prepared,  the  Board  will,  upon  application,  give  you 
further  advice  in  this  matter. 

An  examination  of  the  locality  from  which  the  water  supply  of  the 
Lenox  station  is  now  taken  shows  that  the  source  would  not  be  likely  to 
be  affected  by  the  disposal  of  sewage  at  the  place  now  proposed ;  but,  if 
the  sewage  should  be  disposed  of  on  the  porous  soil  near  the  northerly 
limits  of  the  area  owned  by  the  town,  it  is  possible  that  the  source  of 
water  supply  might  be  polluted  by  the  sewage ;  and  it  is  advisable,  in  the 
opinion  of  the  Board,  that,  if  the  area  indicated  should  be  used  for  the 
disposal  of  sewage,  the  use  of  water  from  the  present  source  of  supply 
be  discontinued  and  a  supply  secured  from  another  source.  It  is  pix>bable 
that  water  could  be  obtained  from  some  point  farther  up  the  valley. 

Leominster. 

April  7,  1904. 

To  Messrs.  A.  L.  Whitkbt,  W.  H.  Ghasb  and  C.  H.  Hows,  Sewerage  Committee  of  the 

Town  of  Leominster. 

Gentlemen:  —  On  March  4,  1904,  the  State  Board  of  Health  received 
from  you  the  general  plans  of  a  system  of  sewerage  and  sewage  disposal  for 
Leominster,  which  provide  for  collecting  the  sewage  of  all  of  the  thickly 
settled  portions  of  the  town  in  a  separate  system  of  sewers,  discharging 
by  gravity  upon  filter  beds  bordering  the  north  branch  of  the  Nashua 
River  on  its  south-westerly  side,  north  of  Mechanic  Street,  where  it  is 
proposed  to  purify  the  sewage  by  intermittent  filtration. 

The  Board  has  already  considered  the  propriety  of  using  the  area  in- 
dicated for  the  disposal  of  the  sewage  of  the  town,  and  has  advised  your 
committee,  under  date  of  Nov.  5,  1903,  that  the  proposed  location  was  not 
objectionable,  and  that  excellent  material  was  available  at  this  place  for 
the  construction  of  a  sufficient  area  of  filter  beds  upon  the  low  land  near 
the  Nashua  River  to  purify  the  sewage  of  the  town. 

The  Board  has  considered  the  additional  plans  now  presented,  showing 
the  proposed  main  sewers  and  further  details  as  to  the  construction  of  the 
proposed  filtration  area,  and  finds  them  to  be  well  adapted  to  the  collection 
and  efficient  purification  of  the  sewage  of  all  of  the  thickly  settled  portions 
of  the  town. 

The  proposed  settling  tank  at  the  filti*ation  area  is  of  sufficient  size  for 
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the  requirements  of  the  town  in  the  beginQing,  at  least,  and  can  be  enlarged 
in  future  if  necessary. 

The  area  of  filter  beds  shown  should  be  ample  for  a  long  time  in  the 
future,  and  it  will  be  necessary  to  prepare  only  a  portion  of  this  area  in 
the  beginning,  if  the  storm  water  which  is  admitted  to  the  present  sewers 
shall  be  excluded,  and  care  taken  in  the  construction  of  future  sewers  to 
exclude  gronnd  and  surface  water  so  far  as  practicable. 

In  the  opinion  of  the  Board,  works  constructed  in  general  accordance 
with  these  plans  would  provide  satisfactorily  for  the  collection  and  disposal 
of  the  sewage  of  the  town  of  Leominster. 

Manchester. 

JUNB  2, 19(H. 
To  the  Board  qf  Health  qfthe  Town  of  Manchester,  Mr.  William  H.  Allbn,  Chairman, 

Gentlexen  :  —  The  State  Board  of  Health  has  considered  your  applica- 
tion for  advice  with  reference  to  the  disposal  of  night  soil  in  Manchester 
by  discharging  it  upon  a  certain  tract  of  land  north  of  Lincoln  Street,  and 
has  caused  the  locality  to  be  examined  by  one  of  its  engineers. 

The  results  of  this  examination  show  that  the  area  which  it  is  proposed 
to  use  is  located  about  600  feet  from  your  present  sources  of  water  supply, 
and  at  a  higher  level ;  and,  i^hile  some  tests  have  been  made  in  this  neigh- 
borhood to  show  the  depth  to  ground  water,  it  is  impracticable  to  deter- 
mine, fronci  the  information  now  available,  whether  leachings  from  night 
soil  deposited  upon  this  area  would  flow  in  the  direction  of  the  wells  and 
affect  the  quality  of  their  waters,  or  not. 

It  is  essential  to  avoid  the  possible  danger  of  the  pollution  of  your 
sources  of  water  supply ;  and,  under  the  circumstances,  the  area  indicated 
should  not,  in  the  opinion  of  the  Board,  be  used  as  a  place  of  disposal  for 
night  soil.  An  area  should  be  secured,  as  you  have  already  been  advised, 
at  some  place  where  this  material  can  be  disposed  of  without  danger  of 
affecting  your  sources  of  water  supply. 

This  matter  can  be  disposed  of  without  objection  by  dumping  it  at  sea, 
provided  it  is  conveyed  to  a  sufficient  distance  from  any  shore  so  that  it 
may  become  mingled  with  the  water  and  completely  broken  up  before  it 
can  return ;  and  the  plan  of  disposing  of  the  night  soil  in  this  way,  until 
such  time  as  a  sewerage  system  is  available,  will  probably  be  the  least 
objectionable  one  to  adopt. 

Marblehead. 

April  7,  19(H. 
To  the  Sewerage  Committee  of  the  Town  of  Marblehead, 

Gemtlemek  :  —  The  State  Board  of  Health  received  from  you  on  March 
30,  1904,  an  application  for  further  advice  relative  to  the  sewerage  of  the 
town  of  Marblehead,  accompanied  by  plans  showing  a  system  of  sewers 
having  an  outlet  about  400  feet  south-east  of  Tinker's  Island,  and  by  a 
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report  giving  an  estimate  of  the  cost  of  the  disposal  works,  together  with 
observations  of  the  movements  of  floats  at  the  proposed  point  of  dischai^e, 
as  suggested  in  the  commanication  of  this  Board  on  Jane  4,  1903 ;  and 
the  Board  has  carefully  considered  the  modified  scheme  now  submitted. 

Sewage  discharged  south-east  of  Tinker's  Island  would  not  be  notice- 
able from  the  mainland,  and  there  is  apparently  a  considerable  tidal  car- 
rent  setting  between  the  island  and  the  shore  of  the  mainland  which  would 
have  a  tendency  to  keep  floating  matters  from  returning  upon  these  shores  ; 
and  the  limited  number  of  float  experiments  made  all  show  that  the  floats 
moved  in  a  direction  parallel  with  the  shore,  none  of  them  showing  a  ten- 
dency to  come  upon  it.  The  outlet  proposed  is  a  very  favorable  one  for 
the  disposal  of  sewage,  and,  in  the  opinion  of  the  Board,  the  sewage  of 
Marblehead  can  be  effectually  disposed  of  by  discharge  into  the  sea  at  the 
point  indicated,  —  400  feet  or  more  south-east  of  Tinker's  Island,  —  with- 
out danger  that  the  sewage  will  return  to  the  shores  of  the  mainland  or 
create  a  nuisance  anywhere. 

The  further  investigations  as  to  the  sewerage  of  the  town  have  shown 
that  it  is  practicable  to  collect  the  sewage  of  the  greater  portion  of  the 
town  at  a  point  near  the  south-easterly  shore  of  Marblehead  Neck  by 
gravity.  It  appears  to  be  necessary  to  omit  from  this  plan  a  low  area  in 
the  extreme  north-easterly  end  of  the  town^  including  a  portion  of  the 
main  village ;  and  the  plans  provide  for  collecting  the  sewage  of  this  area 
at  a  reservoir  and  pumping  station  to  be  located  at  the  shore  of  Little 
Harbor,  near  the  gas  works,  from  which  it  is  to  be  pumped  into  the  main 
system. 

A  small  area  in  the  extreme  south-westerly  part  of  the  town,  adjacent 
to  the  town  of  Swampscott,  has  been  omitted  from  the  present  plan,  as 
was  the  case  last  year,  since  it  would  be  less  expensive  to  pump  the  sew- 
age of  this  area  into  the  main  sewer,  when  sewerage  becomes  necessary, 
than  to  lay  the  main  sewer  in  this  region  at  a  suflSciently  low  level  to  serve 
this  area.  There  is  a  similar  low  area  in  Swampscott,  adjacent  to  the 
Marblehead  area,  which  cannot  be  served  by  gravity  by  the  Swampscott 
sewers ;  and  it  may  be  possible  for  the  two  towns  to  effect  some  joint  plan 
of  collecting  and  disposing  of  the  sewage  of  these  areas  which  will  be  less 
expensive  than  the  collection  and  disposal  of  the  sewage  by  each  town 
separately. 

While  it  is  necessary,  under  the  plan  now  proposed,  to  maintain  two 
pumping  stations,  the  estimates  of  cost  submitted  by  your  engineer  indicate 
that  the  expense  of  collecting  and  disposing  of  the  sewage  of  Marblehead 
into  the  sea  off  Tinker's  Island  in  a  satisfactory  manner  would  be  materi- 
ally less  than  the  cost  of  disposal  in  the  neighborhood  of  Gray's  Rock, 
should  it  be  practicable  to  find  a  desirable  outlet  in  that  locality. 

The  plan  in  general,  in  the  opinion  of  the  Board,  provides  a  practicable 
method  of  collecting  and  disposing  of  the  sewage  of  the  town  of  Marble- 


Xo.34.]        ADVICE   TO  CITIES   AND   TOWNS.  87 

head  in  &  satisfactory  manner.  When  further  details  of  the  proposed  sys- 
tem have  been  prepared,  the  Board  will,  upon  application,  give  you  further 
advice  concerning  them. 

NOBTHAMPTON. 

Ma&CH  7,  1904. 
To  Mr.  THKOBAI.D  M.  Coknob,  City  Solicitor ^  Xorthampton^  M(i8s. 

Dear  Sir  :  —  In  response  to  your  communication  of  March  3,  requesting, 
on  behalf  of  the  city  of  Northampton,  an  extension  of  time  for  compliance 
with  the  present  requirements  for  the  extension  of  its  sewers  to  the  Con- 
necticut River,  in  order  that  the  city  may  investigate  other  schemes  or 
plans,  the  State  Board  of  Health  directs  me  to  inform  you  that  it  will 
grant  such  extension  for  a  period  of  one  year  from  Dec.  1,  1904,  provided 
the  city  authorities  of  Northampton  display  due  diligence  in  prosecuting 
the  investigations  as  to  modifications  of  the  plans. 

Dxc.  1,  1904. 
To  Mr.  Thbobald  M.  Connor,  City  Solicitor,  Northampton,  ^fa^. 

Sir  :  —  The  State  Boai*d  of  Health  received  from  you  on  November  28 
the  following  request  for  approval  of  certain  plans  for  the  disposal  of  sew- 
age of  the  city  of  Northampton :  — 

The  undersigned,  for  the  city  of  Northampton,  respectfully  presents  the  report 
of  its  engineers  upon  the  question  of  sewage  disposal,  and  hereby  respectfully 
requests  the  approval  of  jour  Honorable  Board  of  the  first  project  for  sewage 
disposal  contained  in  said  report,  commencing  with  the  last  paragraph  on  page  8 
of  said  report  and  ending  with  the  first  paragraph  on  page  15  of  said  report,  — 
the  same  being  contained  in  the  report  of  Allen  Hazen ;  and  more  particularly, 
first,  for  the  location  of  a  storm  overflow  to  Mill  River,  at  a  point  1,200  feet  more 
or  less  below  the  Wright  Avenue  bridge,  to  take  the  place  of  the  present  objec- 
tionable overflows  at  Wright  Avenue  bridge  and  at  Williams  Street;  and,  second, 
for  the  use  of  the  present  outlets  to  Mill  River  below  the  inhabited  portion  of  the 
city  for  the  dry-weather  flow  of  sewage  for  a  further  period  of  ten  years  from 
Dec.  1, 1905. 

Your  application  is  accompanied  by  reports  by  Messrs.  Allen  Hazen  and 
Ernest  W.  Bowditch,  civil  engineers,  relative  to  the  sewerage  system  of 
the  city  of  Northampton,  and  by  plans  showing  various  methods  of  sewage 
disposal,  including  the  project  referred  to  in  your  application. 

The  sewerage  system  of  the  city  of  Northampton,  constructed  under  the 
provisions  of  chapter  354  of  the  Acts  of  the  year  1888,  has  been  extended 
over  the  greater  part  of  the  built-up  portion  of  the  city,  part  of  the  system 
receiving  sewage  only,  but  a  large  part  receiving  both  sewage  and  storm 
water.  The  area  served  by  the  combined  system  amounts,  according  to 
your  engineers,  to  about  760  acres ;  and,  in  addition  to  the  surface  water 
received  from  this  area,  roof  water  from  about  one-half  of  the  roofs  of  the 
houses  of  the  city  is  also  taken  into  the  sewers. 

In  addition  to  the  pollution  which  the  river  receives  above  the  main 
sewer  outlets  from  the  overflow  of  sewage  from  combined  sewers  at  times 
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of  rain,  the  sewage  from  practically  all  of  the  factories  along  the  river,  in 
wliich  about  1,270  operatives  are  employed,  is  discharged  into  the  stream, 
and  additional  pollution  is  caused  by  the  discharge  of  manufacturing  wastes 
from  many  of  the  mills.  The  stream  is  very  offensive  in  the  warmer  por- 
tion of  the  year,  from  the  neighborhood  of  the  Wright  Avenue  bridge  to 
the  Connecticut  River. 

The  Board,  in  1903,  approved  the  plan  of  constructing  a  sewer  to  remove 
the  sewage  and  other  pollutions  from  this  portion  of  the  river  to  the  Con- 
necticut River.  The  plan  of  relief  mentioned  in  your  application  is  intended 
as  a  substitute  for  this  sewer.  This  plan  is  more  fully  described  in  the 
report  of  your  engineer,  as  follows :  — 

Extend  the  4-foot  sewer  as  a  54  and  60  inch  sewer  at  a  flatter  grade  from 
Wright  Avenue  through  Pleasant  Street,  to  a  point  about  300  feet  below  Meadow 
Street.  At  this  point  provide  a  large  overflow  to  Mill  River,  carrying  it  well 
into  the  thread  of  the  stream.  Connect  with  the  present  24-inch  sewer  to  the 
present  lower  outlet,  and  allow  the  dry-weather  flow  to  go  in  that  way.  Require 
Belding  &  Brothers^  silk  mill  to  connect  with  the  existing  sewers,  and  clean  up 
the  brook  leading  to  the  river  just  above  Wright  Avenue  bridge.  Clean  up  the 
channel  of  the  river  from  the  overflow  below  Meadow  Street  to  the  Connecticut 
River,  removing  obstructions,  and  giving  as  direct  a  channel  as  possible. 

The  only  material  change  in  the  present  condition  of  the  river  which 
would  be  effected  by  this  project  would  be  the  removal  of  the  pollution  of 
the  river  in  the  neighborhood  of  the  Wright  Avenue  bridge  now  caused 
by  the  manufacturing  wastes  from  the  Belding  &  Brothers'  silk  mill  and 
the  overflow  of  sewage  from  the  main  sewer.  A  new  overflow  would  be 
created  about  300  feet  below  Meadow  Street,  the  discharge  from  which 
would  be  somewhat  less  than  from  the  present  overflow  if  the  King  Street 
brook  should  be  diverted  north-easterly  toward  the  Connecticut  River,  as 
suggested.  By  the  expenditure  of  $2,000  in  cleaning  the  main  stream 
and  improving  Mill  River  between  the  sewer  outlets  and  the  Connecticut 
River,  the  debris  of  various  sorts  which  now  clogs  the  bottom  and  sides  of 
the  stream  could  be  removed  and  the  channel  improved  to  some  extent ; 
but  the  condition  of  this  portion  of  the  river,  which  is  offensive  through- 
out its  length,  and  through  which  there  is  very  little  flow  of  water  to  dilute 
the  sewage  —  especially  at  night  or  on  Sunday  —  in  warm  weather,  would 
continue  to  grow  worse  as  the  population  of  the  city  and  the  quantity  of 
sewage  and  manufacturing  waste  increases. 

The  carrying  out  of  the  proposed  plan  would  not,  in  the  opinion  of  the 
Board,  effect  a  material  improvement  in  the  objectionable  conditions  now 
existing  in  Mill  River ;  and  the  Board  is  unable  to  approve  the  proposed 
plan  as  a  substitute  for  the  plan  approved  last  year  for  diverting  the  sew- 
age from  Mill  River  to  the  Connecticut  River. 

A  second  project,  described  by  your  engineer,  provides  for  conveying 
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the  dry-weather  flow  of  sewage  to  the  Connecticut  River  in  a  pipe  24 

inches  in  diameter,  which  would  have  a  carrying  capacity  estimated  by 

your  engineers  to  be  between  5,000,000  and  6,000,000  gallons  per  day. 

If  the  sewers  of  the  city  had  been  constructed  on  the  separate  plan,  a 

sewer  of  smaller  size  than  the  one  approved  by  this  Board  in  1903  would 

be  sufficient  for  the  removal  of  the  sewage  of  the  city  to  the  Connecticut 

River ;  and  if  the  system  should  now  be  changed  gradually,  so  that  the 

sewage  would  ultimately  be  kept  separate  from  the  storm  water  in  all 

parts  of  the  city  within  the  next  ten  years,  it  would  be  reasonable  to  build 

a  smaller  sewer  at  present ;  but  the  sewer  proposed  in  the  second  project, 

described  in  your  engineer's  report,  would  be  no  more  than  sufficient  for 

the  present  dry-weather  flow  of  sewage  for  the  city,  and  it  is  not  unlikely 

that  the  dry-weather  flow  of  sewage  would  exceed  its  capacity  at  times 

when  the  ground- water  levels  are  high.     The  Board  cannot  approve  the 

construction  of  a  sewer  of  the  size  proposed  as  a  substitute  for  the  one 

already  approved. 

It  appears  from  the  investigations  of  your  engineers  that  it  would  be 
practicable  to  convey  the  sewage  from  about  four-flfths  of  the  population 
of  the  city  to  the  low  lands  bordering  the  river,  and  dispose  of  it  by  apply- 
ing it  to  the  land ;  but  that  the  cost  of  disposing  of  the  sewage  in  this 
way  would  be  considerably  greater  than  the  cost  of  conveying  it  to  the 
Connecticut  River  through  a  sewer  of  adequate  size. 

The  plans  submitted  do  not  show  a  practicable  way  of  preventing  further 
serions  pollution  of  MUl  River  at  less  expense  than  by  the  construction  of 
the  sewer  approved  by  the  Board  last  year,  and  which,  by  the  requirements 
of  the  statutes,  is  to  be  constructed  before  Dec.  1,  1905. 

It  is  very  desirable,  in  the  opinion  of  the  Board,  to  keep  the  sewage  out 
of  Mill  River,  and  this  can  be  done  by  separating  the  sewage  from  the 
storm  water  in  areas  served  by  combined  sewers,  by  diverting  the  roof 
water  from  the  sewers,  and  by  causing  the  factories  and  mills  to  discharge 
their  sewage  into  the  sewers  and  continuing  the  sewers  to  the  Connecticut 
River.  If  the  city  desires  to  provide  for  the  gradual  separation  of  the 
sewage  from  the  storm  water  within  a  definite  period,  the  Board  will  con- 
sider the  approval  of  a  plan  for  the  immediate  construction  of  a  sewer  of 
smaller  size  than  the  one  approved  last  year. 

Norwood. 

Aug.  10,  1901. 

To  the  Board  of  Selectmen  of  the  Town  of  Xorwood^  Mr.  Fbbd  L.  Fishbr,  Chairman, 

Gentlemen:  —  On  Sept.  19,  1903,  your  Board  was  notified  of  the  order 
of  the  State  Board  of  Health  prohibiting  all  persons  from  discharging  or 
permitting  the  entrance  of  sewage  into  any  part  of  the  Neponset  River  or 
its  tributaries,  and  from  discharging  or  permitting  the  entrance  therein  of 
every  other  substance  which  may  be  injurious  to  the  public  health,  or  may 
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tend  to  create  a  public  naisance,  or  to  obstruct  the  flow  of  water,  including 
all  waste  or  refuse  from  any  factory  or  other  establishment  where  per- 
sons are  employed,  unless  the  owner  thereof  shall  use  the  best  practicable 
and  reasonably  available  means  of  rendering  such  waste  or  refuse  harm- 
less. 

It  now  appears,  upon  further  examination,  that  nothing  has  been  done 
to  remove  from  the  river  the  sewage  discharged  into  the  stream  at  Dean 
Street  from  a  sewer  of  the  town  of  Norwood. 

The  State  Board  of  Health,  in  accordance  with  a  request  from  the  author- 
ities of  the  town  of  Norwood,  in  1901,  for  advice  as  to  the  best  practicable 
method  of  disposing  of  the  sewage  of  the  town,  advised  the  purification  of 
this  sewage  upon  land  south  of  the  Neponset  River,  not  far  from  the  ink 
works  in  Norwood.  This  plan  is  described  in  the  report  of  the  committee 
on  sewerage  for  the  town  of  Norwood  in  1901  ;  and  by  constructing  such 
portion  of  the  main  sewer  as  is  necessary  to  divert  the  sewage  from  the 
present  sewer  and  carrying  it  to  the  filtration  area,  and  building  a  sufficient 
area  of  filter  beds  for  the  proper  purification  of  this  sewage,  the  further 
pollution  of  the  river  can  be  prevented ;  and  this,  in  the  opinion  of  the 
Board,  is  the  best  practicable  and  available  plan  of  preventing  the  further 
pollution  of  the  river  by  this  sewer.  It  is  practicable  for  the  town,  by 
proceeding  diligently  with  the  work,  to  complete  the  construction  of  the 
necessary  works  within  the  next  four  months. 

The  State  Board  of  Health  hereby  notifies  the  town  of  Norwood  to  cease 
from  discharging  unpurified  sewage  from  the  Norwood  sewer  into  the 
Neponset  River  or  any  of  its  tributaries  on  and  after  July  1,  1905. 

Norwood  (Wikslow  Brothers  &  Smith  Company). 

July  7, 1904. 
To  WiNBLOw  BROTHKua  &  Smith  Company,  Xorwood,  Mass, 

Gentlemen:  —  The  State  Board  of  Health  received  from  you  on  June  3, 
1904,  an  application  for  advice  with  reference  to  plans  of  proposed  settling 
basins  and  filter  beds  for  your  tannery  at  Norwood,  concerning  which  you 
make  the  following  statement :  — 

These  plans  apply  to  our  Winslow  Plant  and  we  feel  that  they  are  large  enough 
to  care  for  oar  sewage  for  a  number  of  years  to  come.  About  a  year  ago  this 
time,  after  very  careful  measurements,  we  found  the  average  amount  of  sewage 
matter  to  be  four  hundred  and  fourteen  thousand  gallons  (414,000)  per  day  of 
ten  hours  and  at  that  time  our  plant  was  running  at  its  full  capacity.  We  have 
added  somewhat  to  our  plant  since  then  but  we  feel  confident  that  the  increase 
in  the  amount  of  water  used  is  not  over  twenty  thousand  gallons  per  day.  In 
regard  to  increasing  the  capacity  of  our  sewerage  plant,  we  can  build  additional 
settling  basins  either  to  the  north  or  south  of  those  shown  on  the  plan  and  in  the 
area  covered  by  the  title  and  designated  as  "  Bog  "  we  can  by  simply  filling,  con- 
struct from  three  to  four  acres  more  of  filter  beds. 
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Two  plans  were  submitted  with  the  application,  one  showing  the  details 
of  the  proposed  settling  basins,  and  the  other  the  general  plan  of  the 
settling  basins  and  filter  beds,  including  the  location  of  a  collecting  well 
or  basin  and  pump,  by  which  all  of  the  sewage  is  to  be  pumped  to  the 
filtration  area. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  considered  the  plans  submitted  by  you  and  the  results  of  investigations 
as  to  the  quantity  and  character  of  the  manufacturing  wastes  discharged 
from  this  plant  in  previous  years. 

It  appears  from  the  measurements  of  the  quantity  of  foul  wastes  flowing 
from  this  tannery,  presented  by  you,  that  there  was  a  considerable  increase 
in  the  quantity  of  such  wastes  from  1901  to  1903  ;  and  you  estimate  that 
there  has  been  an  increase  of  20,000  gallons  per  day  in  the  past  year, 
making  the  quantity  of  foul  wastes  flowing  from  the  tannery  at  the  present 
time  about  434,000  gallons  per  day.  In  addition  to  this  quantity,  a  large 
quantity  of  water  is  used  in  the  rinsing  of  wool  after  scouring,  and  some 
of  this  water  is  considerably  polluted  ;  but  the  Board  is  informed  that  it  is 
proposed  to  use  this  rinse  water  hereafter  in  the  other  processes,  so  that 
no  polluting  drainage  will  be  discharged  into  Hawes  Brook  from  your 
works. 

The  proposed  settling  tanks  indicated  upon  the  plans  submitted  are  six 
in  number,  and  have  an  aggregate  capacity  of  562,500  gallons,  the  capacity 
being  such  that,  with  one  tank  out  of  use  for  cleaning,  the  sewage  will  be 
about  a  day  in  passing  through  the  tanks.  No  provision  has  been  made, 
however,  for  removing  the  solid  matter  from  these  tanks,  other  than  by 
carting  it  away  after  it  has  been  allowed  to  dry  for  a  time ;  and,  under  the 
circumstances,  there  are  likely  to  be  times  when  more  than  one  of  the  tanks 
will  be  out  of  use,  and  the  sewage  will  pass  through  the  tanks  more  rapidly 
than  proposed.  It  is  practicable  to  construct  sludge  beds  upon  the  boggy 
area  near  the  settling  tanks,  using  gravel  and  sand  from  the  adjacent 
upland,  and  to  empty  the  tanks  upon  such  beds  by  gravity  as  frequently 
as  might  be  found  desirable ;  and  the  tanks  could  be  operated  more  effi- 
ciently and  economically  under  such  conditions  than  by  the  plan  now  pro- 
posed. The  Board  would  advise  that  the  design  of  these  tanks  be  modified, 
that  sludge  beds  be  constructed  upon  the  low  area  indicated,  and  that 
adequate  provision  be  made  for  emptying  the  tanks  upon  the  sludge  beds 
whenever  necessary.  An  area  of  2  acres  of  sludge  beds  will  probably  be 
sufficient  in  the  beginning,  but  experience  may  show  that  there  would  be 
advantage  in  the  use  of  a  larger  area. 

Examinations  of  the  soil  of  the  area  upon  which  it  is  proposed  to  locate 
the  filter  beds  have  shown  that  much  of  it  is  very  coarse  and  porous,  and 
well  adapted  to  the  purification  of  the  wastes  from  this  tannery  in  the  con- 
dition in  which  they  have  been  found  by  investigations  made  by  this  Board 
in  previous  years. 


92  STATE  BOARD   OF  HEALTH.  [Pub.  Doc. 

Underdrains  are  shown  beneath  each  of  the  beds,  bat  the  depth  of  these 
drains  is  not  indicated.  The  underdrains  should  be  laid  at  least  5  feet 
below  the  surface  of  the  filter  beds.  It  is  probable  that  the  underdrainage 
indicated  will  be  suflScient,  provided  care  is  taken  in  laying  the  drains,  to 
allow  the  effluent  to  enter  them  freely,  and  prevent  their  being  clogged  by 
sand  or  other  material  washed  in  through  the  joints. 

The  total  area  of  filter  beds  indicated  upon  the  plan  is  insufficient  for 
the  purification  of  all  the  wastes  discharged  from  this  tannery,  and,  in 
order  to  secure  efficient  purification  of  these  wastes,  a  larger  area  will  be 
necessary ;  and  the  Board  would  advise  that  at  least  8  acres  of  filter  beds 
be  constructed,  and  provision  made  for  further  enlai^ement  of  the  area 
whenever  necessary. 

Aug.  10,  190i. 
To  the  WnrsLOw  Bbothxbs  &  Smith  Coxpakt,  Norwood^  Mass. 

Gentlemen  :  —  On  Sept.  19,  1903,  you  were  notified  of  an  order  of  the 
State  Board  of  Health,  acting  in  accordance  with  the  provisions  of  chapter 
541  of  the  Acts  of  the  year  1902,  prohibiting  all  persons  and  corporations 
from  discharging  or  permitting  the  entrance  of  sewage  into  any  part  of  the 
Neponset  River  or  its  tributaries,  and  from  discharging  or  permitting  the 
entrance  therein  of  every  other  substance  which  might  be  injurious  to  public 
health  or  might  tend  to  create  a  public  nuisance  or  to  obstruct  the  fiow  of 
water,  including  all  waste  or  refuse  from  any  factory  or  other  establish- 
ment where  persons  are  employed,  unless  the  owner  thereof  shall  use  the 
best  practicable  and  reasonably  available  means  to  render  such  waste  or 
refuse  harmless;  and  on  July  7,  1904,  the  Board,  in  further  compliance 
with  the  provisions  of  the  above-mentioned  act,  advised  you  as  to  certain 
plans  for  purifying  the  sewage  and  manufacturing  waste  and  refuse  from 
your  factory,  submitted  by  you  on  June  8,  1904,  advising  that  tanks  and 
filters  built  in  accordance  with  the  proposed  plans  would  purify  efficiently 
the  sewage  and  waste  liquors  from  this  tannery,  if  certain  changes  should 
be  made  in  the  proposed  settling  tanks,  provided  an  area  of  as  much  as  8 
acres  of  filter  beds  should  be  constructed,  instead  of  6,  as  proposed. 

On  July  20,  1904,  the  Board  received-  from  your  engineer  a  communica- 
tion submitting  plans  showing  a  change  in  the  location  of  the  settling 
tanks ;  and  the  Board,  after  an  examination  of  the  plans  of  the  proposed 
tanks  as  now  arranged,  finds  that  they  are  of  adequate  size  and  capacity 
for  the  present  requirements  of  the  works,  and  are  so  located  that  the 
liquid  sludge  in  them  can  be  discharged  upon  sludge  beds  built  upon  the 
low  area  of  land  adjacent  to  the  brook  and  formerly  used  as  a  cranberry 
bog.  By  building  sludge  beds  on  this  area,  having  an  area  of  about  2 
acres,  as  advised,  with  pipes  for  discharging  such  liquid  matters  from  the 
settling  tanks  as  will  readily  fiow  upon  the  sludge  beds,  the  settling  tanks 
can  be  emptied  and  cleaned  as  often  as  may  be  necessary  for  the  removal 
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of  as  much  of  the  solid  matter  as  it  is  practicable  to  remove  from  these 

waste  liquors  before  applying  them  to  the  filters. 
With  the  modifications  indicated,  the  Board  is  of  the  opinion  that  the 

plan  of  collecting  these  wastes,  pumping  them  to  settling  tanks  and  dis- 
charging the  effluent  upon  about  8  acres  of  filter  beds,  as  proposed,  is  the 
best  practicable  means  now  available  of  rendering  the  waste  and  refuse 
from  this  tannery  harmless  and  preventing  the  pollution  of  the  Neponset 
River;  and  you  are  hereby  notified  to  cease,  on  or  before  July  1,  1905, 
from  discharging  the  sewage  and  manufacturing  wastes  from  your  factory 
into  Hawes  Brook  as  at  present  until  these  wastes  have  been  rendered 
harmless,  as  required  by  the  provisions  of  the  act. 

PlTTSFIELD. 

Not.  3,  1904. 
To  the  Board  of  Public  Worlu  of  the  City  of  Pitt^eld, 

Gentlemen:  —  This  Board  has  received  communications  recently  from 

Mr.  James  Fallon,  who  states  that  he  is  the  owner  of  lands  adjacent  to 

the  southerly  side  of  the  Pittsfield  sewage-disposal  area,  claiming  that  his 

property  is  injured  by  drainage  from  the  filter  beds  flowing  upon  the  low 

lands  near  the  river,  and  especially  by  scum  blowing  from  the  filter  beds 

in  summer.     From  an  examination  of  the  locality  it  appeara  to  the  Board 

that  the  complaint  that  scum  of  dried  sludge  blows  from  the  filters  over 

the  land  in  question  is  well  founded,  since  a  considerable  quantity  of  such 

matter  was  found  upon  the  fields  south  of  the  filter  beds.     There  are  also 

indicatioos  that  drainage  from  the  filter  beds  finds  its  way  to  these  lands. 

The  Board  brings  the  matter  to  your  attention  for  such  action  as  you  may 

deem  proper. 

Rockland. 

Sept.  1,  1904. 
To  the  Board  of  Health  of  the  Totcn  of  Rockland, 

Gentlemen  :  —  In  response  to  your  request  for  an  examination  of  a 
locality  in  Rockland  where  diflSculty  has  been  experienced  on  account  of 
the  overfiow  of  cesspools,  and  advice  as  to  disposing  of  the  sewage,  the 
Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers. 

It  appears  that  the  trouble  experienced  occurred  in  the  neighborhood  of 
the  corner  of  Blanchard  and  Church  streets,  where  the  cellars  of  three 
houses  have  been  fiooded  with  polluted  water  apparently  derived  from  a 
neighboring  cesspool.  It  further  appears  that  after  stopping  the  leakage 
from  a  water  pipe  which  was  finding  its  way  into  a  drain  on  Blanchard 
Street  and  apparently  thence  into  the  cesspool,  the  level  of  the  water  in 
the  cesspool  quickly  lowered,  and  the  water  disappeared  from  the  cellars 
of  the  dwellings  which  had  been  flooded. 

It  seems  probable,  from  an  examination  of  the  locality,  that  the  trouble 
complained  of  was  caused  largely  by  the  water  leaking  into  the  cesspool 
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from  the  water  pipe,  and,  the  leak  having  been  stopped,  it  seems  unlikely 
that  further  similar  difficulty  will  occur,  though  it  is  possible  that  an  ex- 
cessive quantity  of  water  may  find  its  way  into  the  cesspool  in  very  wet 
weather,  unless  a  drain  shall  be  provided  to  remove  the  ground  water  from 
its  neighborhood. 

It  is  evident,  from  an  examination  of  the  conditions  in  this  region,  as 
well  as  in  other  portions  of  the  thickly  settled  area  of  Rockland,  that  a 
sewerage  system  is  greatly  needed,  in  order  to  avoid  trouble  such  as  that 
which  has  been  complained  of  and  to  avoid  the  pollution  of  local  water 
courses ;  and  the  Board  would  advise  that  the  best  method  of  preventing 
further  trouble  of  this  sort  in  the  future  will  be  to  provide  a  sewerage 
system. 

The  Board  would  advise  that  a  general  system  of  sewerage  for  the  town 
be  planned  first,  and  that  the  sewers  that  may  be  required  be  constructed 
in  accordance  with  this  plan  as  may  be  necessary  from  time  to  time. 

Rutland  (Industrial  Camp  for  Prisoners). 

July  21,  19M. 
To  the  Board  of  Prison  Commissioners^  Mr.  Frbdb&ick  G.  Pettioboyb,  Chairman, 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  the  plan  for 
the  disposal  of  sewage  at  the  temporary  industrial  camp  for  prisoners  at 
Rutland,  and  has  caused  the  locality  to  be  examined  by  one  of  its  engineers. 
The  Board  is  informed  that  this  camp  will  probably  be  used  for  a  period 
of  about  ten  years,  and  that  about  125  persons  will  be  connected  with  the 
sewerage  system. 

The  plan  provides  for  the  collection  of  the  sewage  in  a  sewer  8  inches  in 
diameter,  in  which  it  will  be  conveyed  to  a  tank  or  reservoir,  whence  it  will 
be  discharged  intermittently  upon  four  filter  beds,  having  an  aggregate 
area  of  about  5,000  square  feet,  the  eflfluent  from  which  will  find  its  way 
into  the  Ware  River.  A  sludge  bed  is  also  provided  for  the  disposal  of 
sludge  from  the  settling  tank. 

In  the  opinion  of  the  Board,  these  plans  will,  if  carried  out  as  proposed, 
provide  satisfactorily  for  the  purification  of  the  sewage  of  the  camp  at 
Rutland  under  the  conditions  proposed. 

Salem. 

May  5,  1904. 
Hon.  J.  N.  Pbtbbson,  Mayor,  Salem^  Mass. 

Dear  Sir  :  —  In  accordance  with  the  request  of  Mr.  E.  W.  Bowditch, 
engineer  in  charge  of  Salem  sewerage,  for  information  as  to  the  capacity 
of  the  proposed  trunk  sewer  of  the  city  of  Salem  between  the  junction  of 
Derby  and  Webb  streets  and  the  site  of  the  proposed  pumping  station  in 
Salem,  the  Board  directs  me  to  inform  you  that  the  plans  of  said  sewer  on 
file  in  this  oflSce,  which  were  approved  by  this  Board  on  Sept.  3,  1903,  are. 
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in  its  opinioQ,  of  sufficient  capacity  for  the  present  and  prospective  needs 

both  of  the  city  of  Salem  and  the  town  of  Peabody,  should  it  be  decided 

to  dispose  of  the  sewage  and  manufacturing  wastes  of  both  places  through 

this  proposed  sewer. 

Aug.  4,  1904. 

To  the  Sewerage  Cotnttii^sion  of  the  City  of  Salem,  Mr.  Rsuben  Abst,  Secretary. 

Gentlemen  :  — The  State  Board  of  Health  received  from  you  on  July  6, 
1904,  the  following  application  for  the  approval  of  plans  of  a  main  sewer 
iu  Salem,  under  the  provisions  of  chapter  353  of  the  Acts  of  the  year 
1901 :  — 

In  aocordance  with  the  provisions  of  Chapter  858  of  the  Acts  of  1901,  and  by 
order  of  the  Sewerage  Commission  of  the  City  of  Salem,  I  hereby  respectfall}' 
petition  your  honorable  Board  for  its  approval  of  the  Trunk  Sewer  from  Derby 
St.  in  Salem  to  the  Peabody  line  as  shown  upon  plan  herewith  presented,  entitled 
—  Salem,  Mass.,  Sewerage  plan,  showing  location  of  Proposed  North  River 
Trunk  Sewer,  Scale  400  ft.  to  an  inch ;  and  profile  sheets  1-2-3-4-5-6  entitled 
North  River  Trunk  Sewer,  Scales ;  horizontal  40  ft.  to  an  inch,  and  vertical,  4  ft.  to 
an  inch ;  both  plan  and  profiles  date  June  1904  and  signed  Ernest  W.  Bowditch, 
Chief  Engineer. 

Upon  receipt  of  the  application  and  plans,  the  Board  gave  notice  of  a 
hearing  to  be  held  at  its  ofiSce  on  July  21,  1904,  by  publication  of  the 
notice  in  three  newspapers  published  in  the  city  of  Salem ;  and  represent- 
atives of  the  city  of  Salem  and  the  town  of  Peabody  were  present  at  the 
hearing. 

The  plans  of  the  proposed  sewer  as  modified  and  finally  presented  to  the 
Board  provide  for  a  main  sewer  from  the  boundary  line  between  the  city 
of  Salem  and  the  town  of  Peabody  at  Harmony  Grove  Street,  extending 
through  the  North  River  valley  in  Harmony  Grove,  Grove,  Goodhue, 
Bridge  and  Webb  streets,'  and  along  the  south-westerly  shore  of  Collins 
Cove  to  the  head  of  the  proposed  main  tinink  sewer,  which  is  to  extend 
from  Derby  Street  to  the  proposed  pumping  station  near  Cat  Cove ;  the 
plan  now  submittted  being  a  part  of  the  system  of  sewage  disposal  for 
Salem  and  Peabody  approved  by  the  State  Board  of  Health  on  Sept.  3, 
1903,  which  is  designed  to  dispose  of  all  of  the  sewage  of  the  city  of 
Salem  and  the  town  of  Peabody  by  discharging  it  into  Salem  harbor,  at 
an  outlet  near  Great  Haste  Island.  The  plan  now  submitted  supersedes, 
however,  that  portion  of  the  plan  approved  last  year  providing  for  a  sewer 
from  the  junction  of  Pleasant  and  Webster  streets  in  Salem  to  the  head 
of  the  main  trunk  sewer  in  Derby  Street,  a  change  having  been  found 
desirable  in  the  location  of  a  part  of  this  sewer. 

The  main  sewer  as  now  proposed  from  the  boundary  line  between  Salem 
and  Peabody  to  Derby  Street  in  Salem  is  of  approximately  the  same 
capacity  as  that  proposed  by  the  State  Board  of  Health,  after  an  investi- 
gation of  the  requirements  of  Salem  and  Peabody  in  the  matter  of  sewer- 
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age  in  the  year  1896,  though  the  upper  end  of  the  sewer  is  at  a  somewhat 
lower  level  than  in  the  plan  then  proposed. 

The  State  Board  of  Health,  acting  under  the  provisions  of  chapter  353 
of  the  Acts  of  the  year  1901,  having  given  a  hearing  in  accordance  with 
the  requirements  of  that  act,  hereby  approves  the  plan  and  profile  of  the 
proposed  trunk  sewer  as  now  submitted,  which  provide  for  a  sewer  as 
follows :  beginning  at  Harmony  Grove  Street,  at  the  boundary  line  between 
Salem  and  Peabody,  with  a  diameter  of  52  inches  and  an  elevation  of  7.61 
feet  above  mean  low  water ;  thence  ranning  through  Harmony  Grove  and 
Grove  streets  to  the  North  River,  at  a  grade  of  1  in  1,500;  crossing  the 
North  River  by  means  of  two  lines  of  pipe,  36  inches  in  diameter,  laid 
beneath  the  bottom  of  the  river ;  thence  through  Grove  to  Goodhue  Street, 
with  a  diameter  of  52  inches  and  a  grade  of  1  in  1,500;  thence  through 
Goodhue  and  Bridge  streets  to  North  Street,  with  a  diameter  of  57  inches 
and  a  grade  of  1  in  2,000  ;  thence  through  Bridge  Street,  Webb  Street  and 
private  land  along  the  shore  of  Collins  Cove  to  Derby  Street,  with  a  diam- 
eter of  60  inches  and  a  grade  of  1  in  2,000,  the  sewer  at  Derby  Street 
being  .67  of  a  foot  above  mean  low  water. 

The  plans  bear  the  following  titles :  — 

Plan:  ''Salem,  Mass.,  sewerage.  Plan  showing  location  of  proposed 
North  River  trunk  sewer.  Scale  400  feet  to  an  inch.  June  1904.  Ernest 
W.  Bowditch,  Chief  Engineer." 

Profile:  "Salem,  Mass.,  sewerage.  North  River  trunk  sewer  profile. 
Scales :  Horizontal,  40  feet  to  an  inch.  Vertical,  4  feet  to  an  inch.  June 
1904.     Ernest  W.  Bowditch,  Chief  Engineer."     (6  sheets,  Nos.  1-6.) 

The  Board  hereby  certifies  that  the  capacity  of  the  main  trunk  sewer,  as 
provided  in  the  plans  herein  approved,  is  suflScient  to  dischai^e  the  sewage 
of  the  town  of  Peabody  in  addition  to  that  naturally  tributary  to  this  sewer 
in  the  city  of  Salem,  including  such  manufacturing  wastes  from  both  places 
as  may  reasonably  be  disposed  of  through  this  sewer. 

SOUTHBOROUGH    (DeERFOOT  FaRM   CoMPANY). 

May  5,  1904. 

To  the  Deerfoot  Farm.  Company ^  SouthboroiLgh,  Mass,,  Mr.  Bobb&t  M.  Buanstt,  Treasurer, 

Gentlemen  :  — The  State  Board  of  Health  has  considered  your  proposed 

plans  for  the  disposal  and  purification  of  the  wastes  of  the  works  of  the 

Deerfoot  Farm  Company  at  Southborough,   designed   to  purify   25,000 

gallons  of  washings  from  the  dairy  and  slaughter  house  of  the  works,  and 

has  caused  the  locality  to  be  examined  by  its  engineer. 

It  appears,  from  information  submitted  by  you,  that  the  quantity  of 

waste  amounts  to  from  20,000  to  25,000  gallons  per  day  in  the  winter 

season,  and  to  less  than  20,000  gallons  per  day  in  the  summer;  and  that 

the  wastes  in  the  summer  season  are  composed  almost  wholly  of  waste  from 

the  creamery,  containing  more  or  less  milk,  while  in  winter  the  creamery 
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waste  is  somewhat  less  than  in  summer ;  but,  in  addition  to  the  creamery 
waste,  there  is  a  considerable  quantity  of  waste  from  the  slaughter  house. 
It  turther  appears  that  the  creamery  wastes  consist  of  water  used  for  wash- 
ing purposes,  and  a  little  milk ;  but  the  Board  is  informed  that  most  of  the 
skimmed  milk  is  now  removed  and  discharged  into  the  ground  at  some 
place  where  it  is  not  objectionable.  The  wastes  from  the  slaughter  house 
consist  chiefly  of  water  used  for  washing. 

The  present  method  of  disposal  of  the  wastes  is  to  discharge  them  upon 
fourteen  small  sand  filter  beds  near  the  New  York,  New  Haven  &  Hartford 
Raibroad,  north-west  of  the  buildings.  These  beds  appear  to  be  well 
adapted  for  the  purification  of  these  wastes,  and  the  purification  appears 
to  be  satisfactory,  but  an  objectionable  odor  is  noticeable  in  the  neighbor- 
hood of  the  beds. 

The  plan  now  proposed  for  the  purification  of  these  wastes  provides  for 
three  settling  tanks,  a  charcoal  filter  and  a  coke  sludge  filter  to  receive  the 
solid  matter  which  may  accumulate  in  the  tanks.  The  entire  plant  is  to  be 
enclosed  within  a  building,  which  will  include  a  compost  table,  where  the 
material  collected  on  the  sludge  filter  will  be  mixed  with  coke  or  coal  dust 
and  burned  beneath  the  boilers.  The  plans  provide  for  three  settling  tanks, 
having  a  total  capacity  of  5,400  gallons ;  and,  with  all  three  tanks  in  use 
and  the  flow  of  sewage  amounting  to  25,000  gallons  per  day  for  ten  hours, 
the  sewage  will  be  about  two  hours  in  passing  through  the  settling  tanks. 
These  tanks  are  so  arranged  that  one  can  be  separated  from  the  others 
while  it  is  being  cleaned. 

From  the  settling  tanks  the  sewage  passes  to  a  charcoal  filter,  and  a 
flash  tank  is  indicated  on  the  plans,  with  the  intention,  apparently,  of  dis- 
charging sewage  intermittently;  but  the  details  of  the  operation  of  this 
settling  tank  or  of  the  method  of  applying  sewage  to  the  charcoal  filters 
are  not  shown.  The  charcoal  filter,  as  indicated  on  the  plans,  has  an  area 
of  21  square  feet.  With  a  flow  of  25,000  gallons  per  day,  the  rate  of  filtra- 
tion through  this  filter  would  be  about  50,000,000  gallons  per  acre  per  day. 
The  sludge  filter  indicated  on  the  plans  has  an  area  of  42  square  feet. 
Each  of  the  tanks  has  a  capacity  of  240  cubic  feet,  and  the  whole  contents 
of  a  tank  would  apparently  be  discharged  upon  the  sludge  filter  each  time 
it  is  emptied.  This  would  be  sufficient  to  flood  the  sludge  filter  to  a  depth 
of  nearly  5  feet.  The  efQuents  from  the  sludge  and  charcoal  filters  are  to 
be  dischai^ed  upon  the  present  sand  filters. 

In  the  opinion  of  the  Board,  the  plan  for  purifying  the  wastes  from  your 
creamery  in  the  manner  indicated  would  be  entirely  inadequate  for  the 
purpose,  and  the  Board  does  not  advise  its  adoption. 

On  several  occasions,  when  the  present  filters  have  been  examined,  it 
has  been  found  that  the  sewage  has  been  allowed  to  fiow  for  long  periods 
upon  a  small  portion  of  the  area.  It  appears  to  the  Board  probable  that 
by  applying  the  sewage  to  these  beds  properly  they  will  purify  the  wastes 
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in  a  satisfactory  manner.  The  flow  of  sewage  should  be  changed  from 
bed  to  bed  in  rotation,  and  an  amount  applied  that  shall  make  a  depth  not 
greater  than  2  inches  at  any  one  time.  The  Board  would  advise  that  this 
method  of  operation  be  followed,  and  the  results  observed;  and  if  the 
results  should  not  then  be  satisfactory,  the  Board  will,  upon  application, 
give  you  further  advice  as  to  the  disposal  of  these  wastes. 

South  Hadley. 

April  28,  19M. 
To  the  Committee  on  Sewers^  South  Hadley  FeUUt  Maes,,  Mr.  M.  J.  Mobiartt,  Ch<iimian. 

Gentlemen: — The  State  Board  of  Health  received  from  you  on  April 
11,  1904,  a  communication  giving  notice  of  your  intention  to  use  the 
stream  known  as  Buttery  Brook,  which  flows  through  the  village  of  South 
Hadley,  as  a  place  of  disposal  for  the  sewage  of  the  village,  and  request- 
ing the  advice  of  the  Board  thereon  ;  and  in  response  to  this  communication 
the  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers. 
The  results  of  this  examination  show  that  at  the  present  time  one  of  the 
tributaries  of  Buttery  Brook  is  gi-eatly  polluted  by  sewage  from  about  60 
dwelling  houses,  and  that  below  this  tributary  the  main  brook  passes 
through  the  school  grounds,  where  it  receives  additional  sewage  from  about 
700  pupils  discharged  through  two  outlets,  one  discharging  directly  into 
the  brook,  while  the  other  discharges  upon  the  ground  a  short  distance 
from  the  bank.  The  stream  and  its  surroundings  in  the  densely  populated 
part  of  the  village  are  at  present  extremely  foul  and  ofifensive. 

The  plan  proposed  as  a  remedy  for  the  existing  conditions  provides  for 
cleaning  out  and  straightening  the  channel  of  the  brook,  which  is  now 
very  crooked,  and  much  obstructed  by  debris  of  various  kinds,  and  there- 
after using  this  channel  as  a  main  sewer  for  this  neighborhood. 

In  the  opinion  of  the  Board,  this  plan  is  an  extremely  objectionable 
one,  since  the  flow  of  the  stream  would  be  so  small  in  the  summer  season 
that  the  proposed  channel  would  be  simply  an  open  sewer ;  and  the  plan  is 
not  only  objectionable  from  a  sanitary  point  of  view,  but  would,  in  the 
opinion  of  the  Board,  be  a  more  expensive  one  for  the  disposal  of  the  sew- 
age of  this  neighborhood  than  a  plan  which  would  provide  for  the  removal 
of  the  sewage  in  a  properly  constructed  sewer  to  a  suitable  outlet  into  the 
Connecticut  River. 

Some  of  the  outlets  of  sewers  already  constructed  in  the  village  are 
very  seiious  nuisances  and  should  be  abolished.  The  most  economical 
and  satisfactory  method  of  removing  the  very  objectionable  conditions 
now  existing  in  the  village  of  South  Hadley  will  be  to  prepare  flrst  some 
general  plan  of  sewerage  which  will  provide  for  all  of  the  thickly  settled 
parts  of  the  village.  The  sewers  required  for  immediate  use  can  then  be 
constructed  in  such  a  way  as  to  form  part  of  this  general  system,  which 
can  be  extended  from  time  to  time,  as  may  be  required.     The  plan  should 
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be  made  under  the  direction  of  an  engineer  of  experience  in  matters  relat- 
ing to  sewerage  and  sewage  disposal ;  and  when  the  plan  has  been  pre- 
pared, tbe  Board  will,  upon  application,  give  jou  further  advice  relative 
to  the  sewerage  of  the  town. 

Wakefield. 

JUNB  16,  19M. 

To  the  Board  of  Sewer  Commissioners  of  the  Town  of  Wak^eld,  Mr.  Wjf.  B.  Danibl, 

Secretary. 

Gektlemen  :  —  The  State  Board  of  Health  received  from  you  on  May 
14, 1904,  the  following  application  for  the  approval  of  a  proposed  sewer 
in  Richardson  Street,  being  an  extension  of  the  system  already  approved 
by  this  Board :  — 

The  town  of  Wakefield,  through  its  sewer  commissioners,  requests  the  approval 
by  jour  Board  of  the  accompanying  plan  and  profile  of  a  proposed  sewer  in 
Richardson  Street ;  said  sewer  will  be  an  extension  of  the  system  which  has  been 
approved  by  your  Board. 

A  sewer  in  Richardson  Street  was  shown  on  the  plan  of  sewerage  ap- 
proved by  this  Board  in  February,  1901,  after  a  hearing,  and  the  plan  now 
presented  is  a  slight  modification  of  the  plan  presented  at  that  time. 

The  Board  hereby  approves  the  plan  of  the  proposed  sewer  in  Richard- 
son Street  as  now  submitted. 

West  Springfield. 

March  3, 1904. 
To  the  Board  of  Selectmen  of  the  Town  of  West  Springfield. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Feb. 
10, 1904,  an  application  for  advice  with  reference  to  a  proposed  sewer  for 
the  removal  of  sewage  and  storm  water  from  a  district  in  the  northerly 
part  of  West  Springfield,  in  which  your  proposed  plan  is  described  as 
follows :  — 

The  sewer  is  to  provide  for  sewage  and  storm  water  from  the  cemetery  on 
Riverdale  Street,  north  of  Ashley  Avenue,  to  a  point  near  the  north  side  of  Bagg 
Brook ;  also  from  tbe  Country  Club  northerly  to  the  same  point,  north  of  Bagg 
Brook ;  thence  across  private  land  to  the  Connecticut  River,  emptying  into  the 
?ame  at  the  mouth  of  Bagg  Brook.  The  outlet  consists  of  a  small  submerged 
pipe  with  an  overflow  outlet,  the  submerged  pipe  passing  out  about  fifty  (60) 
feet  into  the  river  and  the  end  turned  upward  and  down  stream  at  an  angle  of 
about  forty-five  (46)  degrees. 

The  application  is  accompanied  by  a  plan  of  the  proposed  sewer  and 
outlet.  The  sewer  is  about  a  mile  in  length  in  Rive rd ale  Street,  and  is 
designed  to  receive  the  sewage  from  houses  along  the  street  and  to  remove 
the  storm  water  collected  upon  the  street  to  an  outlet  into  the  Connecticut 
River,  so  arranged  that  at  times  of  storm  tbe  mingled  sewage  and  stoivm 
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water  will  discharge  near  the  bank  of  the  river,  while  the  ordinary  flow  of 
sewage  will  be  conveyed  to  an  outlet  located  50  feet  from  the  river  bank  at 
low  water. 

The  area  from  which  storm  water  is  likely  to  be  discharged  into  the  pro- 
posed sewer  is  not  indicated,  and  the  Board  is  unable  to  advise  you  as  to 
whether  the  capacity  is  sufllcient  for  the  removal  of  storm  water  from  the 
area  which  this  sewer  is  designed  to  serve. 

If  the  outlet  is  arranged  as  proposed  so  that  the  dry-weather  flow  of 
sewage  will  be  discharged  into  the  river  50  feet  from  the  shore  at  low 
water,  allowing  a  part  of  the  flow  at  times  of  storm  to  discharge  at  the 
proposed  overflow  near  the  river  bank,  the  disposal  of  the  sewage  is  not 
likely  to  cause  objectionable  conditions  in  the  neighborhood.  The  Board 
would  advise  that  the  possible  need  of  separating  the  sewage  from  the  storm 
water  in  this  district  at  some  future  time  be  taken  into  consideration  in  the 
construction  of  sewers  and  house  connections* 

Pollution  of  Ponds,  Streams  and  Other  Bodies  of  Water. 

The  following  is  the  substance  of  the  action  of  the  Board  during  1904 
in  reply  to  applications  for  advice  relative  to  the  pollution  of  ponds,  streams 
and  other  bodies  of  water :  — 

Canton  (Neponset  Woolen  Mills). 

Feb.  4,  1904. 

To  the  Xeponset  Woolen  Mills,  Canton  Junction,  Jfass. 

Gentlemen  :  —  In  a  communication  dated  Oct.  2,  1903,  stating  that  you 
had  received  notice  to  discontinue  the  pollution  of  the  Neponset  River, 
you  make  the  following  statement :  — 

The  water  diverted  from  that  river  by  us  for  power  and  manufacturing  proc- 
esses is  carried  through  a  separate  channel  for  three-quarters  of  a  mile  before 
being  put  into  the  river  again.  This  channel  is  as  broad  as  the  river  bed,  and 
efficiently  cleanses  the  water  from  everything  objectionable  before  joining  the 
Neponset  River. 

After  receiving  this  communication,  the  Board  caused  examinations  of 
your  factory  and  the  processes  carried  on  therein  to  be  made  by  one  of  its 
engineers,  and  samples  of  the  wastes  from  the  various  processes  carried 
on  in  the  factory  and  from  the  canal,  both  above  and  below  your  factory 
and  just  above  the  point  where  it  joins  the  Neponset  River,  to  be  collected 
for  analysis.  The  results  of  these  examinations  and  analyses  show  that 
all  of  the  sewage  of  90  operatives  is  discharged  directly  into  the  canal ; 
that  dust  from  shoddy  picking  machines  is  blown  into  the  stream  by  a  fan 
blast,  and  is  to  be  seen  at  nearly  all  times  floating  on  the  surface  of  the 
water ;  and  that  polluted  water  which  has  been  used  in  the  washing  and 
d5eing  of  cloth  is  discharged  into  the  stream. 
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The  results  of  the  analyses  show  that  the  quantity  of  organic  matter 
present  in  the  water  of  the  channel  immediately  below  your  mill  is  much 
greater  than  above^  and  that  the  water  at  the  lower  end  of  the  channel 
where  it  joins  the  Neponset  River  is  more  polluted  than  the  water  above 
your  mill.  The  examinations  show  clearly  that  the  Neponset  River  is 
being  polluted  by  sewage  and  manufacturing  waste  from  your  mill. 

Leicester. 

April  7,  190^. 
To  the  Selectmen  and  Overseers  of  the  Poor^  Leicester ^  Mass, 

Gentlemen  :  —  Yon  are  hereby  notified  that  the  results  of  examinations 
made  by  this  Board  of  the  effluent  from  the  sewage  filters  of  the  Leicester 
Poor  Farm  show  that  imperfectly  purified  sewage  finds  its  way  from  these 
filters  into  the  water  supply  of  the  city  of  Worcester,  and  that  the  disposal 
of  the  sewage  of  the  Poor  Farm,  in  the  manner  in  which  it  is  being  carried 
on,  is  a  serious  menace  to  the  health  of  the  people  of  that  city,  and  con- 
trary to  the  provisions  of  chapter  75  of  the  Revised  Laws  of  Massachusetts. 

The  filters  now  in  use  evidently  fail  to  properly  purify  the  sewage.  If 
ail  of  the  effluent  from  the  present  filters  should  be  collected  and  applied 
to  other  filters  properly  constructed  and  operated,  it  is  probable  that  the 
efficient  purification  of  the  sewage  could  be  effected  at  all  times.  It  may 
also  be  practicable  to  purify  this  sewage  efficiently  by  pumping  it  to  the 
gravelly  lands  north-east  of  the  Poor  Farm,  and  disposing  of  it  on  filters 
located  at  a  place  where  the  sewage  would  percolate  for  a  sufficient  distance 
through  the  ground  to  become  thoroughly  purified  before  entering  the  water 
course. 

New  Bedford. 

July  21,  1904. 
To  the  Board  of  Health  of  the  City  of  New  Bedford, 

Gentlemen  :  —  In  response  to  your  application  for  advice  as  to  the  taking 
of  quahaugs  from  the  bed  of  the  Acushnet  River,  to  be  sold  as  food,  the 
State  Board  of  Health  has  examined  the  conditions  prevailing  about  the 
city  of  New  Bedford  and  the  places  from  which  shellfish  are  collected,  and 
has  made  numerous  bacterial  examinations  of  shellfish  collected  from  the 
flats  and  tidal  waters  about  the  city. 

This  matter  was  first  brought  to  the  attention  of  the  Board  about  three 
years  ago,  and  since  that  time  the  Board  has  made  investigations  as  to  the 
effect  of  the  discharge  of  sewage  into  flats  and  tidal  waters  upon  the  shell- 
fish contained  therein,  and  also  as  to  the  means  for  determining  whether 
shellfish  are  injuriously  affected  by  such  pollution,  and  whether  they  are 
liable  to  injure  the  health  of  those  who  may  use  them  as  food,  either  raw 
or  cooked. 

The  results  of  these  investigations  show  that  shellfish  taken  from  waters 
polluted  by  sewage  contain  the  bacteria  found  in  sewage,  and  are  liable 
to  injure  the  health  of  those  who  may  use  them  as  food. 
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The  sewage  from  about  two-thirds  of  the  city  of  New  Bedford  is  dis- 
charged directly  into  New  Bedford  harbor  through  twenty-six  sewer  out- 
lets, and  the  sewage  from  the  remaining  part  of  the  city  is  discharged  into 
Clark's  Cove  through  about  six  outlets.  The  great  bulk  of  the  shellfish 
collected  at  New  Bedford  are  taken  from  New  Bedford  harbor,  and  obser- 
vations by  the  Board  show  that  a  large  proportion  of  them  are  collected  on 
the  New  Bedford  side  of  the  river,  often  within  400  feet  of  the  shore. 
Samples  of  quahaugs,  collected  from  ail  over  the  harbor  by  those  who 
make  it  a  business  to  collect  them  for  sale,  have  been  analyzed  by  the 
Board,  and  a  large  proportion  have  been  found  to  show  the  presence  of 
sewage  bacteria. 

In  Clark's  Cove  the  observations  show  that  quahaugs  are  taken  all  about 
the  upper  end  of  the  cove,  and  examinations  of  samples  of  quahaugs  taken 
at  different  times  from  this  locality  by  those  who  make  a  business  of  col- 
lecting these  shellfish  for  sale  have  shown  that  a  large  percentage  of  them 
contain  sewage  bacteria,  evidently  derived  from  the  sewage  discharged 
into  the  cove. 

Under  the  circumstances  the  Board  is  of  the  opinion  that  shellfish  taken 
from  New  Bedford  harbor  and  from  Clark's  Cove  are  liable  to  injure  the 
health  of  those  who  may  use  them,  and  that  the  further  taking  of  shellfish 
from  these  waters  under  present  conditions  should  be  prevented.  The 
Board  has  therefore  brought  the  matter  to  the  attention  of  the  Com- 
missioners on  Inland  Fisheries  and  Game,  and  has  requested  the  commis- 
sion to  prohibit  the  taking  of  shellfish  from  the  waters  of  New  Bedfoixl 
harbor  north  of  or  inside  of  a  line  drawn  from  Fort  Point  in  Fairhaven  to 
a  point  on  the  easterly  shore  of  Clark's  Point,  one  mile  south  of  the  most 
southerly  sewer  outlet  in  the  city  of  New  Bedford,  or  from  the  waters  of 
Clark's  Cove  at  any  place  within  three-quarters  of  a  mile  of  the  outlet  of 
any  sewer  of  the  city  of  New  Bedford  discharging  into  Clark's  Cove. 

■ 

Plymocth. 

Mabch  3,  1904. 

To  the  Board  of  Health  of  the  Town  of  Plynwuthy  J.  Holbrook  Shaw,  M.D.,  Chairman. 

Gentlemen  :  —  The  State  Board  of  Health  has  considered  your  com- 
munication, received  October  24,  relative  to  the  pollution  of  the  water  of 
Eel  River  in  Plymouth  by  waste  products  from  a  rubber  factory,  in  which 
you  request  the  Board  to  make  an  examination  of  the  pollution  of  the  river 
by  these  wastes ;  and  in  accordance  with  this  request  the  Board  caused 
the  locality  to  be  examined  by  one  of  its  engineers  and  a  sample  of  the 
water  of  the  river  to  be  analyzed. 

As  a  result  of  the  examination,  it  appeared  that  a  considerable  quantity 
of  acid  was  used  in  the  factory,  and  that  wastes  containing  oi^anic  matter 
from  the  processes  employed  were  discharged  into  the  stream.  These 
wastes  did  not,  however,  have  a  very  noticeable  effect  upon  the  stream  at 
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the  lime  this  examination  was  made,  and  a  chemical  analysis  of  a  sample 
of  water  collected  from  the  river  helow  the  works  did  not  show  that  the 
water  was  being  seriously  polluted.  It  is  possible  that  the  quantity  of 
wastes  discharged  may  be  greater  at  other  times,  or  that  in  dry  weather, 
when  the  flow  of  the  stream  is  small,  the  stream  or  its  banks  may  be 
affected  by  these  waste  matters  to  such  an  extent  as  to  cause  complaint  on 
accoont  of  an  objectionable  appearance  or  odor. 

It  is  understood  that  you  desire  a  report  at  the  present  time,  and  the 
Board  presents  such  information  as  it  has  thus  far  obtained  in  this  matter* 
The  Board  will,  if  you  so  request,  make  a  further  examination  of  the  stream 
dunng  the  coming  summer,  if  its  condition  again  becomes  objectionable. 

QUINCY. 

JuNB  2,  1904. 

To  the  Board  of  Health  of  the  City  of  Quincy,  Dr.  Thomas  J.  DiOK,  Secretary. 

Gei!TLEM£n  :  —  In  response  to  your  request  of  May  16  for  an  examina- 
tion of  the  condition  of  Furnace  Brook,  and  advice  as  to  the  removal  of 
the  objectionable  conditions  in  a  portion  of  this  valley,  the  Board  has 
caused  the  locality  to  be  examined  by  one  of  its  engineers. 

It  appears  that  the  objectionable  conditions  now  complained  of  are  the 
pollution  of  the  brook  and  the  flooding  of  cellars  in  a  portion  of  the  valley 
of  this  brook,  especially  in  the  neighborhood  of  Cross  Street  and  Furnace 
Avenae.  The  waters  of  the  brook  have  evidently  risen  higher  than  usual 
recently,  on  account  of  the  caving  in  of  a  wall  a  short  distance  down  stream 
from  this  district  at  a  time  of  exceptionally  heavy  rain  ;  and  the  cause  of 
the  objectionable  conditions  existing  recently  has  been  in  part  removed  by 
the  removal  of  this  obstruction  from  the  brook.  The  conditions  could, 
however,  be  greatly  improved  by  preventing  the  pollution  of  the  brook  in 
this  region,  and  by  lowering  its  bed  and  straightening  its  course. 

The  Board  would  suggest  that  it  has  been  found  of  advantage  by  many 
cities,  after  reaching  the  size  of  Quincy,  to  take  and  control  the  brooks 
and  other  main  lines  of  drainage,  and  to  maintain  them  in  such  condition 
as  to  provide  for  the  ready  removal  of  surface  water,  and  prevent  their 
pollation. 

SWAMPSCOTT. 

Oct.  6,  1904. 
To  the  Metropolitan  Park  Commission,  14  Beacon  Street,  Boston,  Mass. 

Gentlemen  :  — Your  communication  of  September  26  is  received,  calling 
attention  to  an  objectionable  condition  existing  at  several  of  the  coves 
aloDg  the  north  shore,  especially  at  King's  Beach  in  Swampscott,  where 
you  state  that  considerable  quantities  of  seaweed  have  come  in,  which 
have  been  removed  by  your  commission,  but  that  complaints  have  been 
received  since  it  was  removed  that  the  odors  still  persist.  A  communica- 
tloa  to  your  board  is  also  submitted,  alleging  the  pollution  of  "the  beach 
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by  the  discharge  of  the  sewage  of  Swampscott  at  Dread  Ledge  as  the 
cause  of  the  objectionable  condition  complained  of. 

The  Board  has  caused  an  examination  of  the  locality  to  be  made,  and 
finds  that  at  the  present  time  there  is  a  very  large  deposit  of  a  fibrous 
plant  or  seaweed  upon  the  northerly  part  of  King's  Beach,  north  of  the 
outlet  of  Stacey's  Brook.  This  deposit  is  greatest  at  the  present  time  at 
about  high-water  level,  where  the  depth  of  the  material  is  about  6  inches 
for  a  width  of  10  feet  or  more;  but  there  is  a  large  quantity  above  the 
present  level  of  high  tides,  evidently  deposited  there  at  the  time  of  the 
previous  high  course  of  tides ;  and  the  entire  width  of  the  beach  between 
high  and  low  water  is  nearly  covered  with  a  layer  of  this  matter,  from  1 
inch  to  2  inches  in  depth,  and  a  considerable  quantity  was  seen  in  the 
water  off  the  shore.  The  portions  above  high  tide  were  evidently  decom- 
posing, and  in  places  were  covered  with  great  numbers  of  small  worms  or 
maggots.  The  odor  of  the  organic  matter  deposited  between  high  and  low 
water  was  not  objectionable,  resembling  the  odor  of  certain  shellfish  ;  but 
the  decaying  material  above  the  level  of  high  water  had  an  offensive  odor. 
The  odor  from  this  material  has  been  less  objectionable  during  the  recent 
cool  weather,  judging  from  the  information  available  to  the  Board,  than  it 
is  in  hot  weather ;  and,  at  the  time  the  examination  was  made,  the  most 
noticeably  objectionable  odors  were  those  coming  from  the  carcasses  of 
three  dead  animals,  the  largest  weighing  perhaps  50  pounds. 

The  organism  which  has  come  up  on  the  beach  in  such  great  quantities 
recently  evidently  grows  off  the  shore,  and  becomes  detached  in  greater 
quantities  in  some  seasons  than  in  others. 

It  is  entirely  improbable,  in  the  opinion  of  the  Board,  that  the  discharge 
of  the  sewage  of  Swampscott  at  Dread  Ledge  has  anything  to  do  with  the 
growth  of  this  organism  ;  and  there  is  no  evidence  whatever  that  any  sew- 
age from  that  outlet  comes  upon  this  beach,  the  only  sewage  reaching  there 
being  a  very  small  quantity  which  finds  its  way  into  Stacey's  Brook  in 
Lynn  and  Swampscott. 

Similar  objectionable  conditions  caused  by  seaweeds  of  various  kinds 
have  been  produced  at  other  places,  but  the  troubles  usually  have  been 
serious  only  at  infrequent  intervals. 

The  objectionable  conditions  now  complained  of  could  probably  be  greatly 
relieved  by  the  removal  of  the  material  deposited  on  the  beach  by  spring 
tides  and  tides  higher  than  the  average. 

Wellesley. 

Sept.  14,  1904. 

To  the  Board  of  Health  of  the  Town  of  Wellesley  ^  Mr.  J.  Allsn  Tailbt,  Secretary, 

Gentlemen  :  —  In  response  to  your  request  of  August  1  for  an  examina- 
tion of  the  water  of  Lake  Waban  in  Wellesley,  relative  to  its  pollution  by 
wastes  from  a  paint  mill,  and  advice  as  to  the  conditions  found  thera,  the 
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Board  has  caused  the  locality  to  be  examined  and  samples  of  the  water  of 
the  lake  to  be  analyzed.  From  this  examination  it  appears  that  tanks  have 
been  pat  in  at  the  mill,  into  which  the  portion  of  the  wastes  resulting  from 
the  manufacture  of  green  paint  is  discharged,  and  in  this  way  a  consider- 
able quantity  of  lead  formerly  wasted  into  the  pond  recovered ;  but  only 
about  one-third  of  the  wastes  are  discharged  into  these  tanks,  the  remainder 
still  being  allowed  to  flow  into  the  brook  and  thence  into  Lake  Waban. 

The  results  of  the  analyses  of  the  water  of  the  lake  show  that  the  quan- 
tity of  lead  present  is  about  the  same  as  at  the  time  the  previous  examina- 
tion was  made,  showing  no  improvement  as  yet  since  the  tanks  were 
introduced. 

The  information  furnished  to  the  Board  as  to  the  operation  of  the  present 
tanks  indicates  that  much  lead  can  be  removed  from  the  wastes  by  passing 
them  through  tanks,  and  much  valuable  material  secured ;  but  it  is  essen- 
tial, in  order  to  secure  the  best  results  from  this  treatment,  to  provide 
sufficient  tank  capacity  for  the  treatment  of  all  of  the  wastes  which  are 
poUatiog  the  lake,  instead  of  treating  only  a  portion  of  them,  as  at  present. 

Winchester. 

Oct.  is,  190 

To  the  Board  of  Health  qf  the  Town  of  Winc?ie8ter,  Mr.  Jamsb  Hinds,  Secretary. 

Gentlemen  :  —  The  State  Board  of  Health  received  from  you  on  Sept. 
14, 1904,  a  communication  requesting  the  Board  to  take  some  action  rela- 
tive to  a  nuisance  caused  by  Russel  Brook  in  Winchester,  in  which  you 
state:  — 

We  desire  hereby  to  formally  complain  to  the  State  Board  of  Health  of  the 
dangerous  nuisance  existing  in  Winchester,  caused  by  the  pollution  of  Russel 
Brook  by  sundry  parties  in  Woburn  allowiug  their  sewage,  consisting  of  decom- 
posing fleshings  and  vat  refuse,  the  odor  from  which  is  beyond  description,  to 
therein  drain.  Complaints  from  people  abutting  on  the  brook  have  been  oumer- 
oas  and  justifiable  to  this  board,  that  the  conditions  resulting  are  unbearable,  and 
a  direct  menace,  in  the  opinion  of  this  board,  to  their  health  and  that  of  the 
entire  community. 

In  response  to  your  request,  the  Board  has  caused  the  locality  to  be 
examined  by  its  engineer  and  samples  of  the  water  of  the  stream  collected 
at  several  points  in  Woburn  and  Winchester  to  be  analyzed. 

The  results  of  the  examinations  show  that  the  brook  receives  foul 
wastes  from  the  Robertson  tannery  on  Eastern  Avenue,  that  other  pollut- 
ing matters  are  evidenUy  discharged  into  it  by  tanneries  located  between 
Prospect  Street  and  John  Street  in  Woburn,  and  that  the  stream  where  it 
enters  Winchester  was  badly  polluted  and  had  a  very  foul  odor  at  the  time 
tins  examination  was  made,  on  September  27. 

The  liquid  wastes  from  the  various  tanneries  which  now  pollute  the 
stream  can  be  kept  out  of  the  stream  and  disposed  of  by  discharging  them 
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into  the  sewers,  which  were  designed  for  the  removal  of  these  wastes  as 
well  as  for  the  domestic  sewage  of  this  region. 

In  the  opinion  of  the  State  Board  of  Health,  the  nuisance  of  which  you 
complain  can  be  prevented  by  action  of  the  Woburn  board  of  health  under 
existing  laws,  and  the  attention  of  that  board  has  been  called  to  the 
results  of  the  investigation  of  September  27. 

WOBURN. 

Oct.  18,  1904. 
To  the  Board  of  Health  of  the  City  of  Woburn. 

Gentlemen  :  —  Complaint  having  been  made  to  the  State  Board  of  Health 
of  a  nuisance  existing  in  Winchester  near  the  boundary  line  between  Win- 
chester and  Woburn,  caused  by  the  pollution  of  Rassel  Brook,  the  Board 
has  caused  the  stream  to  be  examined  and  samples  of  its  waters  to  be 
analyzed. 

The  results  of  the  analyses  show  that  the  water  is  very  badly  polluted, 
and  when  examined  the  odor  in  the  neighborhood  of  the  brook  near  the 
place  where  it  crosses  the  boundary  between  Woburn  and  Winchester  was 
very  offensive.  An  examination  shows  that  wastes  from  the  Robertson 
tannery,  so  called,  on  Eastern  Avenue  in  Woburn,  and  wastes  from  tan- 
neries located  between  Prospect  Street  and  John  Street,  in  Woburn,  find 
their  way  into  the  stream  ;  and  the  offensive  conditions  complained  of  are 
evidently  caused  chiefly  by  the  pollution  of  the  stream  by  these  wastes. 

In  the  opinion  of  the  State  Board  of  Health,  your  Board  has  power 
under  the  existing  laws  to  prevent  the  nuisance  now  existing,  as  a  result 
of  the  discharge  of  tannery  wastes  into  Russel  Brook;  and  the  Board 
brings  the  matter  to  your  attention,  in  order  that  you  may  take  such  action 
as  may  be  necessary. 

The  liquid  wastes  from  the  Robertson  tannery  can  be  disposed  of  into 
the  existing  sewerage  system  by  extending  the  sewers;  and  the  wastes 
from  the  remaining  tanneries  which  now  pollute  Russel  Brook  can  be  col- 
lected and  discharged  into  the  sewers  which  pass  through  or  near  these 
works.  Some  preliminary  treatment  of  the  wastes  will  probably  be  re- 
quired, to  prevent  the  entrance  into  the  sewers  of  matters  which  might 
interfere  with  their  operation. 

Worcester. 

Oct.  6,  1904. 

To  Messrs.  Edwin  P.  Gbbrib,  Albert  E.  Nbbdham,  William  F.  Boss  and  Others, 

Residents  of  Lake  View,  Worcester. 

Gentle^ien  :  —  The  State  Board  of  Health  has  considered  your  petition 
of  Sept.  17,  1904,  requesting  that  steps  be  taken  whereby  the  sewage  of 
the  insane  hospital  on  Belmont  Street,  Worcester,  may  be  disposed  of 
without  discharging  it  into  Lake  Quinsigamond,  and  has  caused  the  locality 
to  be  examined  by  one  of  its  engineers.     It  appears  from  this  examination 
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that  the  sewage  of  the  Worcester  Insane  Hospital  is  discharged  npon  the 
lands  east  of  the  hospital,  where  a  portion  of  it  is  ased  for  the  irrigation 
of  crops  and  the  remainder  allowed  to  flow  into  pits  or  collect  in  pools, 
whence  a  portion  of  it  evidently  overflows  at  times  of  rain  into  Lake  Qnin- 
sigamond,  as  stated  in  your  petition. 

The  present  method  of  disposing  of  the  sewage  creates  a  serious  naisance, 
besides  polluting  the  lake.  The  examinations  of  the  Board  indicate  that 
it  is  practicable  to  dispose  of  this  sewage  in  a  satisfactory  manner,  and 
prevent  the  objectionable  conditions  that  now  exist ;  and  the  Board  will 
bring  the  matter  to  the  attention  of  the  hospital  authorities. 

Worcester  (Worcester  Insane  Hospital). 

Oct.  6,  1904. 
To  the  Trustees  of  the  Worcester  Insane  Hospital,  Worcester,  Mass. 

Gentlemen  :  —  The  attention  of  the  State  Board  of  Health  has  been 
called  to  the  discharge  of  sewage  from  the  hospital  into  Lake  Quinsiga- 
mond,  and  npon  examination  the  Board  finds  that  the  sewage  of  the  insti- 
tation  is  used  in  part  for  the  irrigation  of  crops,  and  that  a  large  poition  of 
it  is  discharged  into  pits  or  pools,  where  it  accumulates  to  a  depth  of  sev- 
eral feet,  putrefies,  and  gives  off  a  very  offensive  odor,  creating  a  serious 
nuisance  in  the  neighborhood,  besides  causing  the  pollution  of  the  lake  by 
the  overflow  from  these  pits. 

The  soil  within  the  grounds  of  the  hospital  in  this  region  appears  to  be 
coarse  and  porous,  and  well  adapted  to  the  purification  of  sewage  by  inter- 
mittent filtration ;  and  there  is  very  little  doubt  that  filter  beds  could  be 
constracted  upon  the  hospital  grounds  at  a  reasonable  expense,  which 
would  purify  satisfactorily  all  of  the  sewage  of  the  hospital  and  prevent 
the  existing  nuisance  and  the  further  pollution  of  the  lake. 

The  Board  would  advise  that  you  cause  an  investigation  to  be  made,  to 
determine  the  best  practicable  location  for  filter  beds,  and  that  plans  be 
prepared  for  a  snfiScient  area  of  filters  to  purify  efficiently  all  of  the  sewage 
of  the  institution.  It  is  advisable,  in  making  the  investigations  and  pre- 
paring plans,  that  you  secure  the  assistance  of  an  engineer  of  experience 
in  matters  relating  to  sewage  disposal. 

When  investigations  have  been  made  and  plans  prepared,  the  Board 
will,  upon  application,  give  you  further  advice  as  to  the  disposal  of  the 
sewage. 
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The  examination  of  public  water  sapplies  in  Massachusetts  was  begun 
in  the  year  1887,  under  the  provisions  of  chapter  274  of  the  Acts  of  the 
year  1886,  entitled  '^  An  Act  to  protect  the  Purity  of  Inland  Waters,"  and 
has  been  carried  on  to  the  present  time  under  the  provisions  of  that  and 
subseqaent  laws.  Each  of  the  sources  of  water  supply  in  the  State  has 
been  examined  from  time  to  time  to  note  changes  in  its  physical  condition, 
and  chemical  analyses  of  the  waters  of  the  various  sources  have  been  made, 
uBoally  about  once  a  month,  supplemented  by  biological  examinations  of 
the  waters  of  surface  sources,  and  occasionally  by  determinations  of  the 
Domber  of  bacteria  in  both  the  surface  and  ground  water  sources.  Infor- 
mation has  been  collected  also  as  to  temperature,  rainfall,  flow  of  streams, 
aod  such  other  matters  as  might  affect  the  quality  of  the  waters  of  the 
varioas  sources.  The  work  has  been  carried  on  under  the  direction  of  the 
chief  engineer  of  the  Board,  the  chemical  and  biological  examinations  being 
made  at  the  laboratory  for  water  analysis  by  the  chemist  of  the  Board. 

The  results  of  the  earlier  of  these  examinations  were  published  in  a 
special  report  of  the  Board  on  the  examination  of  water  supplies  in  1890, 
and  results  of  examinations  made  in  subsequent  years  have  been  published 
in  the  annual  reports.  In  the  present  report  the  results  of  the  chemical 
analyses  of  the  various  sources  are  presented  in  tables  and  summaries  so 
arranged  as  to  afford  a  means  of  comparing  the  various  waters  with  respect 
to  color,  organic  matter,  hardness,  and  the  other  properties  usually  con- 
sidered in  determining  the  quality  of  a  water  used  for  drinking;  and  a 
Bummary  of  the  population  within  the  watershed  of  each  surface-water 
Boorce  is  also  presented.  In  order  to  show  more  nearly  the  average 
character  of  the  various  waters,  the  average  of  all  of  the  analyses  of  the 
past  five  years  has  been  used  in  making  the  tables. 

At  the  end  of  the  year  1904  all  of  the  33  cities  in  Massachusetts  and 
U7  of  the  320  towns  were  provided  with  public  water  supplies.  This  list 
inclndea  all  the  places  in  the  State  having,  according  to  the  census  of 
1900,  a  population  in  excess  of  6,000 ;  and  there  are  only  9  towns  in  the 
State  which  have  a  population  in  excess  of  3,000  which  are  not  provided 
with  public  water  supplies.     The  total  population,  according  to  the  census 
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of  1900,  of  the  cities  and  towns  provided  with  pablic  water  supplies  is 
2,590,037,  while  the  population  of  those  towns  not  haying  water  supplies 
is  215,309. 

While  there  are  considerable  areas  in  nearly  all  of  the  cities  and  towns 
in  which  the  public  water  supply  is  not  available,  these  areas  are  sparsely 
populated ;  and  the  number  of  people  to  whom  the  public  water  supply  is 
not  available  in  cities  and  towns  having  public  water  supplies  is  small.  In 
addition  to  the  cities  and  towns  having  public  water  supplies,  there  are  cases 
in  which  a  portion  of  the  inhabitants  of  a  town  or  village  are  supplied 
with  water  from  some  common  source,  generally  a  spring  or  well  upon  a 
neighboring  hillside,  the  water  of  which  is  delivered  in  the  houses  through 
very  small  pipes,  and  a  few  towns  in  which  the  number  of  inhabitants  sup- 
plied from  such  sources  forms  a  large  proportion  of  the  whole  population 
have  been  included  in  the  list  of  cities  and  towns  having  public  water 
supplies,  though  the  analyses  of  the  waters  supplied  to  these  places  are 
omitted.  There  are  also  cases  in  which  owners  of  factories  and  mills  have 
private  water  supplies,  used  chiefly  for  protection  against  fire,  but  also  to 
supply  water  for  domestic  purposes  to  buildings  and  tenements  in  the 
neighborhood,  and  those  towns  in  which  the  population  supplied  in  this 
way  forms  an  important  part  of  the  whole  have  been  included  also. 

Outside  the  areas  provided  with  public  water  supplies  and  the  places 
supplied  with  water  from  mills,  etc.,  the  sources  of  water  supply  of  the 
inhabitants  of  the  State  are  chiefly  wells,  located  in  the  immediate  neigh- 
borhood of  the  owner's  dwelling.  In  many  of  the  cities  and  larger  towns 
spring  waters  are  sold  for  drinking  purposes,  in  packages  of  generally 
from  one  to  five  gallons.  The  spring-water  sources  were  examined  by  the 
Board  in  1900,  and  for  the  results  of  this  examination  reference  is  made 
to  the  report  of  that  year. 

The  following  table  gives  a  list  of  the  cities  and  towns  having  public 
water  supplies  which  are  available  in  the  whole  or  in  an  important  part  of 
their  territories,  with  the  population  of  each,  the  date  of  introduction  of 
works,  the  ownership  of  the  works,  and  the  source  or  sources  of  water 
supply  at  the  present  time :  — 
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Table  No.  1. 


CiTT  OB  TOWX. 


mla- 


Popnl 
turn 
in  1900. 


Date  of 
Introdao- 

tion 
of  Water. 


Ownership  of 
Works. 


Sooroes  of  Supply. 


Metropolitan  Water 
District.* 
Arlington, 


Belmont, . 

Boston,    . 

Chelsea,  . 

ETerett,   . 

Lexington, 

Maiden,    . 

Medford, . 

Melrose,  . 

Milton,     . 

Nahant,    . 

Qulncy,    . 

Bererc,    . 

Somerrille, 

StoDeham, 

Swampecott, 

WatertowD, 

Winthrop, 
Abington,  . 

Rockland, 
Adams, 

Agawam,  . 
Amesbmry, . 
Amherst,    . 

AndoTer,    . 
Arlington,  . 
Ashbumham, 
Ashfield, 
Atbol, . 
Attleboroagh, 
Atoh,  . 
Ayer,  . 
Barre,. 
Belmont, 


830,700 

- 

8,606 

1872 

8,929 

1887 

560,892 

1848 

34,072 

1867 

24,336 

1867 

3,881 

1884 

83,664 

1870 

18,244 

1870 

12,962 

1870 

6,578 

1885 

1,152 

1885 

23,890 

1884 

10,395 

1884 

61,648 

1867 

6,197 

1888 

4,548 

1885 

9,706 

1886 

6,058 

1884 

4.489 

1887 

5,327 

1887 

11,134 

1874 

2,536 

1877 

tt,478 

1885 

5,028 

1880 

6,£18 

1800 

1,882 

1870 

955 

1004 

7,061 

1875 

11,335 

1873 

1,741 

1890 

2,446 

1887 

2,050 

1805 

- 

- 

Town, 

Town, 

City, 

City, 

City. 

Town, 

City, 

City, 

City, 

Town, 

Town, 

City, 

Private,! 

City, 

Town, 

Town, 

Town, 

Prlvate,t 

Town, 

Town, 

Fire  district, 

Private, 

Private,t 

Private, 

Town,  . 

Town,  . 
Private, 
Private,! 
Town,  . 
Town,  . 
Town,  . 
Private, 


Wachusett  Reservoir  on  south  branch 
of  Nashua  River,  Clinton.  Pram- 
Ingham  Reservoir  No.  2  on  Sudbury 
River,  Framl nsrham .  Reservoirs  on 
tributaries  of  Sudbury  River,  as  fol- 
lows: Sudbury  Reservoir  on  Stony 
Brook,  South  borough,  which  re- 
ceives  water  from  wachusett  Reser. 
voir;  FraminKham  Reservoir  No. 
8  on  Stony  Brook,  FraminKham, 
which  receives  water  from  Sudbury 
Reservoir;  Hopkinton  Reservoir 
on  Indian  Brook,  Hopkinton:  Ash- 
land Reservoir  on  Cold  Spring 
Brook,  A  shland.  Lake  Cochituate, 
Wayland  and  Natick. 


Big  Sandy  Pond,  Pembroke. 

Baasett  Brook ;  Dry  Brook,  Cheshire ; 

tubular  wells  near  Hooslck  River, 

Cheshire. 
Springs. 

Two  systems  tubular  wells. 

Amethyst  Brook,  Pelham,  on  which 
there  Is  a  storage  reservoir;  spring 
in  Pelham. 

Haggett's  Pond. 

See  Metropolitan  Water  District. 

Storage  reservoir. 

Bear  Swamp  Brook. 

Storage  reservoir  in  Phllllpston ;  stor- 
age reservoir  on  Buckraan  Brook. 
Large  well  near  Seven  Mile  River. 

Large  well. 

Large  well. 

Storage  reservoir. 

See  Metropolitan  Water  District. 


*  This  db>trtct  was  established  by  act  of  the  Legislature  in  1805.    The  dates  of  Introduction  of 
water  in  the  cities  and  towns  of  the  district  arc  the  antes  of  completion  of  the  earlier  works. 

t  Works  of  water  company  taken  by  town  early  In  1905.      X  Town  has  voted  to  take  works  (1905) . 
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CiTT  OB  TOWK. 


Popula- 
tion 
in  1900. 


Date  of 
Introduc- 
tion 
of  Water. 


Ownership  of 
Works. 


Sources  of  Supply. 


Beverly, 
BlUerica, 
Boston, 
Braintree,  . 

Brldgewater, 

East  Brldgewater, 
Brockton,    . 

Whitman, 
Brookfleld, . 
Brookllne,  . 
Cambridge, 

Canton, 

Chelsea, 

Cheshire, 

Chester, 

Chlcopee, 

Clinton, 

Lancaster 
Cohasset, 
Colrain, 
Concord, 

Lincoln, 
Cottage  City, 
Dalton, 
Danvers, 

Middleton 
Dedham, 
Deerfleld, 
Dracut, 

East  Brldgewater, 
Eastbampton, 
Easton, 
Erving, 
Everett, 
Falrhayen,  . 


- 

- 

2,776 

1898 

5,961 

1887 

5,806 

1888 

8,025 

1888 

40,068 

1880 

6,156 

1888 

8,062 

1889 

19,935 

1875 

91,886 

1866 

4,584 

1889 

1,221 

1876 

1,450 

1893 

19,167 

1845 

13,667 

1882 

2,478 

1885 

2,759 

1886 

1,749 

1902 

6,652 

1873 

1,127 

1874 

1,100 

1890 

3,014 

1884 

8,642 

1876 

839 

1876 

7.457 

1881 

1,969 

1903 

3,258 

1900 

5,608 

1870 

4,887 

1887 

3,667 

1894 

Town,   . 

Town,   . 

Private, 
Private, 
City,  . 
Town,  . 
Town,  . 
Town,  . 
City,      . 

Town,   . 

Private, 

rire  district, 

City,      . 

Town,   . 

Town,    . 

Private, 

Fire  district, 

Town,   . 

Town,    . 

Private, 

Fii-e  district, 

Town,   . 

Town,   . 

Private, 

Water  supply 

district. 
Private, 

Town,   . 

Village    dls 
trlct. 

Private, 


See  Salem. 

Tubular  wells  near  Concord  River. 

See  Metropolitan  Water  District. 

Filter.gallery  and  tubular  wells  near 
Little  Pond;  Great  Pond  (used  also 
by  Randolph  and  Holbrook). 

Tubular  wells  and  large  wells  near 
Town  River. 


Silver  Lake,  Pembroke ;  storage  reser- 
voir on  Salisbury  Brook. 

Storage  reservoir;  Seven  Mile  Riyer. 

Tubular  wells  and  filter-gallery  near 
Charles  River. 

Storage  reservoir  on  Stony  Brook, 
WaTtham  and  Weston ;  storage  res- 
ervoirs on  Hobbs  Brook,  WaTtham, 
Lincoln  and  Lexington;  Fresh 
Pond. 

Large  well  and  tubular  wells  at 
Springdale;  large  well  at  Henry's 
Spring,  Stoughton. 

See  Metropolitan  Water  District. 

Thunder  Brook;  Kitchen  Brook. 

Austin  Brook. 

Morton  Brook;  Cooley  Brook;  Dingle 
Brook  Reservoir. 

Lynde's  Pond,  Sterling ;  Spring  Basin, 
Sterling;  Hey  wood  Brook,  Sterling. 

Two  systems  tubular  wells;  filter-gal- 
lery near  Lily  Pond. 
Mountain  Brooa. 


Sandy  Pond,  Lincoln. 

Springs. 

Storage  reservoir  on  Egypt  Brook. 

Middleton  Pond,  Middleton. 

Large  well  and  tubular  wells  near 

Charles  River. 
Roaring  Brook,  Whately. 

Tubular  wells  near  Beaver  Brook. 

See  Brldgewater. 

Bassett  Brook. 

Large  well. 

See  Montag^ne. 

See  Metropolitan  Water  District. 

Tubular  wells  near  Nasketucket  River. 
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Table  No.  I  —  CarUinued. 


Crrr  or  Towk. 


Popula- 
tion 
in  1900. 


Dfttaof 
Introduc- 
tion 
of  Water. 


Ownarahipof 
Works. 


Sources  of  Supply. 


Fall  River, . 
Falmoath,  . 
Fltchbnrg,  . 
Foxboroogh, 
Fmnlngliani, 
Franklin,    . 
Gardner, 
GiU,     .       . 
GioQceater, 

Grafton, 
Great  Barrington, 
Greenfield, . 
Groton, 
Usrdwlck,  . 
Ilaifield,     . 
HaverhlU,  . 

Hingbam,  . 

Hull, 

Hinsdale,  . 

Holbrook,  . 

Holliston,  . 

Ilolroke,  . 

Bopedale,  . 
Hopklnton, 
Hadson, 
HuU,  .       . 
Hantington, 
Hyde  Park, 

Ipiwlch.  . 
Kingston,  . 
Lancaster,  . 
Lawrence,  . 
Lee,    . 

Leicester,  - 
Lenox, 


104,863 

8,600 
31,581 

8,266 
11,802 

6,017 
10,818 

1,015 
26,121 

i,868 
5,854 
7,927 
2,062 
8,208 
1,500 
37,175 

5,050 
1,708 
1,485 

2,596 
45,712 


-2,623 
5,454 

1,475 
18,244 

4,658 
l,d55 

6*2,659 
8,506 
3,416 
2.942 


187i 
1899 
1872 
1891 
1886 
1884 
1882 
1888 
1885 

1886 
1867 
1870 
1897 

18B6 
1802 

1880 
1882 
1880 

1891 
1873 


1884 
1884 

1899 
1885 

1894 
1888 

1875 
1881 
1891 
1876 


City.      . 

Town,   . 

City,      . 

Water  supply 

district. 
Private,* 

Private, 

Town,   . 

Private, 

City,      . 


Private, 
Fire  district. 
Fire  district, 
Private, 
Private, 
Town,  . 
City,      . 

Private, 
Private, 
Fire  district, 

Private, 
City,      . 


Town,    . 
Town,   . 

Fire  district, 
Private, 

Town,   . 
Town,   . 

City,      . 

Private, 

Water  supply 

district. 
Private, 


North  Watappa  Lake. 

Long  Pond. 

Scott  Reservoir;  Falulah  Resen'oir; 

Meetinghouse  Pond,  Westminster. 
Tubular  wells. 

Filter-gaUery  near  Farm  Pond. 

Large  wells  near  Mill  Brook;  Beaver 

Pond. 
Crystal  Lake. 

Spring. 

Dike's  Brook  Reservoir;  Haskell 
Brook  Reservoir;  Wallace  Reser- 
voir. 

Large  well  near  Quinsigamond  River. 

East  Mountain   Reservoir;    Green 

River. 
Storage  reservoir  on    Glen    Brook, 

Leyden ;  Green  River. 
Large  well  near  Baddacook  Pond. 

Springs. 

Storage  reservoir  on  Running  Gutter 
Brook. 

Crystal  Lake;  Pentucket  Lake;  Ke- 
noza  Lake;  Johnson's  Pond;  Mill- 
vale  Reservoir. 

)  Accord  Pond;  large  well  near  FuU- 
j     ing  MiU  Pond. 

Storage  reservoir. 
See  Randolph. 
Large  well. 

Manhan  River,  Southampton;  Wright 
and  Ashley  Pond;  hlgn-servlce  res- 
ervoir; Whiting  Street  Reservoir, 
Northampton. 

See  Milforii. 

Tubular  wells. 
Gates  Pond,  Berlin. 
See  Hingham. 
Cold  Brook,  Bland  ford. 

Tubular  wells  near  Neponset  River; 

tubular  wells  near  Mother  Brook, 

Dedham. 
Storage  reservoir  on  Dow's  Brook. 

Large  well  near  Jones  River;  tubu- 
lar wells. 
See  Clinton. 

Merrimack  River,  filtered. 

Codding  Brook,  on  which  is  a  storage 

reservoir;  Basin  Pond  Brook. 
Large  wells. 

Storage  reservoir;  Tokun  River. 


*  Town  has  voted  to  take  works  (liX)5) . 
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CiTT  OB  Town. 

Popula- 
tion 
In  1900. 

Date  of 
Introduc- 
tion 
of  Water. 

Ownerahip  of 
Works. 

Souroes  of  Sapply. 

Leominster, 
Lexington, . 

12,392 

1873 

Town,    . 

Haynes  Reservoir;  Morse  Beservolr; 

Fall  Un>ok  Reservoir. 
See  Metropolitan  Water  DlsCiict. 

Lincoln, 

- 

- 

- 

See  Concord. 

Longmeadow.    . 

811 

1896 

Town,   . 

Cooley  Brook. 

Lowell, 

91,909 

1872 

City,      . 

Tubular  wells  near  Merrimack  River. 

Ludlow, 

- 

- 

- 

See  Springfield. 

Lynn,  . 

Saugus,    . 
Maiden, 

68.513 
5,084 

1871 
1878 

City, 
Town,   . 

'Birch  Reservoir,  Lynn  and  Saugus; 

Breed's  Reservoir;  Walden  Reser* 
<     voir,  Lynn  and  Sauaus ;  Glen  Lewis 

Reservoir;  Hawkes  Reservoir,  Lynn 
t  and  Saugu8;  Saugus  River,  Saugus. 
See  Metropolitan  Water  District. 

Manchester, 
Mansfield,  . 
I^Iarblehead, 

2,622 
4,006 
7.582 

1892 
1888 
18S5 

Town,   . 

Water  supply 

district. 
Town,  . 

Large  well  and  tubular  wells  near 

Saw  Mill  Brook. 
Large  well  near  Pecuanticiot  River. 

Two  large  wells. 

Marlborough, 
Marshfleld, . 

13,609 
1,810 

1888 
1890 

City.      . 
Private, 

Lake  Williams;  storage  reservoir  on 

Millham  Brook. 
Large  well. 

Maynard,    . 

8,142 

1889 

Town.   . 

White  Pond. 

Medfleld,     . 

2,926 

- 

Private, 

Spring. 

Med  ford,     . 

- 

- 

- 

See  Metropolitan  Water  District. 

Melrose, 

- 

- 

- 

See  Metropolitan  Water  District. 

Merrlmac,   . 

2,131 

1904 

Town,   . 

Tubular  wells  near  Kimball's  Pond. 

Methnen,     . 

7,512 

1875 

Town,    . 

Tubular  wells  near  Spicket  River. 

Mlddleborough, 

6,885 

1885 

Fire  district. 

Large  well  near  Nemasket  River. 

Mlddleton,  . 

- 

- 

- 

See  Danvers. 

MUford,       . 
Hopedale, 

11,376 
2,087 

1881 
1881 

Private, 
Private, 

1  Charles  River,  filtered.    Large  wells. 

MlUbury,     . 

4,460 

1895 

Private, 

Large  well. 

Minis,  . 

1,058 

1891 

Town,   . 

Spring. 

Milton, 

- 

- 

- 

See  Metropolitan  Water  District. 

Monson, 

3,402 

1895 

Town,   . 

Large  well. 

Montague,  . 
Ervlng,     . 

6,150 
978 

1887 

Fire  district, 
Fire  district, 

1  Lake  Pleasant. 

Nahant, 

- 

- 

- 

See  Metropolitan  Water  District. 

Nantucket, . 

3,006 

1878 

Private, 

Wannacomet  Pond;  wells  near  pond. 

Natlck, 

9,488 

1874 

Town,   . 

Tubular  wells  near  Lake  Cochltuate. 

Needham,    . 

4,016 

1890 

Town,   . 

Large  wells;  tubular  wells. 

New  Bedford, 

62,442 

1869 

City,      . 

Great    Qulttaras    Pond,    Lakevllle; 
Little  Quittacas  Pond,    Lakevllle; 
storage     reservoir    on     Acnahnet 
River,  Acushnet. 

No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 


117 


Tablb  No.  1  —  Continued. 

CiTT  OB  TOWV. 

Popula- 
tion 
in  1900. 

Date  of 
Introduc- 
tion 
of  Water. 

Ownership  of 
Works. 

Bouroes  of  Supply. 

Xcwbnryport, 

14,478 

1881 

City,      .        . 

Large  welU;  spring. 

Xewten, 

Xorth'  Adams,     . 

Northampton,     . 

KoTth  AndoTer, . 

88,087 
24.200 
18.648 

4,243 

1876 
1861 
18n 

1896 

City,      .        . 
City.      .        . 
City,      .        . 

Town,   . 

Filter  .gallery  and  tubular  wells  near 

Chanes  Biver,  Needham. 
Storage  reservoir  on  Notch   Brook; 

Broad  Brook,  Pownal,  Vt. 
Storage    reservoir     on    Roberts* 

Meadow    Brook;    West    Brook; 

Mountain  Street  Reservoir. 
Great  Pond. 

North  Attleborongh, . 

7,253 

1884 

Town,    . 

Large  well  near  Ten  Mile  River. 

Northboroiigh,    . 
Northbridge, 
North  Brookfleld, 

2,164 
7,086 
4,587 

18H2 
1889 
1808 

Town,   . 
Private, 
Town,   . 

Storage  reservoir  on  Cold  Harbor 
Brook,  Boylston  and  Shrewsbury. 

Storage  reservoir  on  Cook  Allen 
Brook,  Sutton ;  springs. 

Doane  Pond;  North  Pond. 

Norflifleld,  . 

1.966 

1900 

Private, 

Storage  reservoir. 

Norwood,    . 

0,480 

1880 

Town,   . 

Buckmaster  Pond,  Westwood. 

Orange, 

0,020 

1878 

Town,   . 

Spring;  Coolidge  Brook. 

Palmer, 

7,801 

1886 

Private, 

Storage  reservoir. 

Peabodr,    . 
Pittsfield,    . 

Plymontb,  . 
ProTlncetown,    . 

11,028 
21,766 

9.002 
4.347 

1799 
1865 

1865 
1898 

Town,   . 
City,      .        . 

Town,   . 
Town,    . 

Brown's  Pond;  Spring  Pond,  Lynn, 

Salem  and  Peabodv. 
Ashley  Lake.  Washington;   Ashley 

Brook,  Washington;  Sacket  Brook, 

Dalton;  Hathaway  Brook,  Dalton; 

Mill  Brook,  Washington. 
Little  South  Pond ;  Great  South  Pond ; 

Lout  Pond. 
Large  well. 

Qoincy, 

- 

- 

- 

See  Metropolitan  Water  District. 

Randolph,  . 
Holbrook, 

8,908 
2,229 

1888 
1888 

Town,   . 
Town,   . 

)  Great  Pond,  Randolph  and  Braintree 
(     (used  also  by  Braintree) . 

Beading,     . 

4,969 

1891 

Town,    . 

Filter-gallery  near  Ipswich  River. 

Rerere, 

- 

- 

- 

See  Metropolitan  Water  District. 

Rockland,   . 

- 

- 

-          - 

See  Ablngton. 

Bockport,    . 

4,592 

1896 

Town,   . 

Cape  Pond. 

Rutland, 

1,834 

1896 

Town,    . 

Muschopauge  Lake. 

Salem, 
Beverly,  . 

85,966 
18,884 

1868 
1868 

City,      .        . 
City,      .        . 

(Wenham   Lake,   Beverly   and  Wen- 
<     ham :  Longham  Reservoir,  Beverly 
(     and  Wenham. 

Saagoa, 

- 

- 

- 

See  Lynn. 

Sdtnate, 

2,470 

1901 

Private, 

Tubular  wells. 

Sharon, 
Sheffield.     . 

2,060 
1,804 

1886 
1897 

Town,   . 
Private, 

Large  well ;  tubular  wells  near  Beaver 
Brook. 

Spiings. 

Sbelbnme,  . 

1,608 

1886 

Private, 

Springs. 

Shirley, 

1,680 

1903 

Town,   . 

Large  well. 

Somerville, .        .        • 

- 

- 

- 

See  Metropolitan  Water  District. 

Southbridge, 

10,025 

1880 

Private, 

Storage  reservoir  on  Hatchet  Brook; 
t\s 0  reserAoirs  on  small  brook. 
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CiTT  OR  Town. 


Popula- 
tion 
in  1900. 


Date  of 
Introduc- 
tion 
of  Water. 


Ownership  of 
Works. 


Sources  of  Supply. 


South  Hadley, 
Spencer, 

Springfield, 
Ludlow,  . 

Stockbridge, 
Stoneham,  . 
Stoughton,  . 
Sunderland, 
Swanipscott, 
Taunton,     . 
Tisbury, 
Uxbrldge,  . 
Wakefield, . 
Walpole,     . 
Waltham,    . 
Ware,  . 
Warebam,  . 
Warren, 
Watertown, 
Wayland,    . 
Webster, 
W^elleeley,  . 
Westborough, 
West  Brookfieid 
Westfield,  . 

Weston, 

West  sSpringfleld, 

West  Stockbrldge, 

Weymouth, 

Whitman,   . 

Williamsburg, 

WlUiamstown, 

Winchendon, 

Winchester, 


4,526 

1872 

7,627 

1883 

62,059 

1874 

3,586 

1878 

2,081 

1862 

6,442 

1886 

771 

- 

81,086 

1876 

1,140 

1887 

3,599 

1879 

9,290 

1883 

3,572 

1896 

28,481 

1873 

8,263 

1886 

3,432 

1894 

4,417 

1837 

2,303 

1878 

8.804 

1881 

6,072 

18S4 

6,400 

1879 

1,448 

1838 

12,310 

1874 

• 

1,834 

1896 

7,105 

1875 

1,158 

- 

11,324 

1885 

1,926 

1903 

5,013 

1859 

5,001 

1896 

7,248 

1878 

Fire  district, 
To\m,    . 

City.      , 
Private, 

Private, 

Town,  . 
Private, 

City,  . 
Private,* 
Town,  . 
Town,  . 
Town,  . 
City.  . 
Town,  . 
Private, 
Private, 

Town,  . 
Town,  . 
Town,  . 
Town,  . 
Private, 
Town,   . 

Private, 
Town,  . 
Private, 
Town,   . 

Town,  . 
Private, 
Town,  . 
Town,    . 


Storage  Reservoir  on  Buttery' Brook: 
storage  reservoir  on  Leaping  Weil 
Brook. 

Shaw  Pond,  Leicester. 

'Ludlow  Reservoir,  Ludlow;  Jablsh 
Brook,  Belchertown;  Axe  Factory 
Brook,  Belchertown ;  Broad  Broolc, 
Belchertown;  Chapln  Pond.  Lud- 
low; Higher  Brook,  Ludlow;  Five 

.    Mile  Pond. 

Lake  Averlc. 

See  Metropolitan  Water  District. 

Muddy  Brook. 

Springs. 

See  Metropolitan  Water  District. 

Aspaworapsett  Pond,  Lrakevllle; 

Elder's  Pond,  Lakeville. 
Large  well. 

Springs. 

Crystal  Lake. 

Tubular  wells  near  Lowe  Brook. 

Large  well  near  Charles  River. 

Large  well  and  tubular  wells  near 

Muddy  Brook. 
Jonathan's  Pond. 

Springs. 

See  Metropolitan  Water  District. 

Storage  reservoir  on  Snake  Brook. 

Large  well  and  tubular  wells  near 
Lake  Chaubungagungamaug. 

Large  well;  fllter-galleir ;  tubular 
wells  near  Rosemary  Brook. 

Storage  reservoir ;  filter  basin. 

Springs. 

Moose  ISIeadow  Brook,  Montgomery, 
on  which  is  a  storage  reservoir; 
Tillotson  Brook,  Granville. 

Large  well ;  tubular  wells. 

Storage  reservoir  on  Darby  Brook; 

large  well. 
Springs. 

Great  Pond. 

See  Brockton. 

Unquomonk  Brook. 

Cold  Spring;  Sherman  Spring;  Paul 

Brook ;  Flora  Glen  Reservoir. 
Large  well. 

Three  storage  reservoirs. 


*  Works  of  water  company  taken  by  town  early  in  1905. 
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Cnr  OS  Towx. 

Popula- 
tion 
in  1900. 

Date  of 
Introduc- 
tion of 
Water. 

Ownership  of 
Works. 

Sources  of  Supply. 

Wlnihrop,  . 

WobttTB, 

Worceeter,  . 

14,2&4 
118,421 

1873 
1845 

City,      . 
City,      . 

See  Metropolitan  Water  District. 

Fllter.gallery  near  Horn  Pond. 

Two  reservoIrB  on  Tatnnck  Brook, 
Holden ;  storaire  reservoir  on  Ly  nde 
Brook,   Leicester;  four  reservoirs 
on  Kettle  Brook,  Leicester. 

In  presenting  a  comparison  of  the  different  waters,  it  is  necessary  to 

lake  into  account  differences  in  the  physical  characteristics  of  the  varions 

sonrces.     The  essential  differences  between  surface  waters  (the  waters  of 

lakes,  ponds  and  streams)  and  ground  waters  (those  derived  from  wells, 

filter  galleries,  springs,  etc.)  have  been  described  in  previous  reports,  and 

need  only  be  referred  to  here.     The  waters  of  the  two  classes  differ  so 

greatly  in  their  chemical  and  biological  characteristics  that  they  cannot  be 

judged  by  the  same  standards,  and  in  comparing  the  quality  of  the  waters 

of  the  different  sources  these  two  classes  will  be  considered  separately. 

There  are  also  important  differences  in  the  physical  characteristics  of 
surface-water  sources,  which  affect  very  materially  the  quality  of  their 
waters.  The  waters  of  running  streams  under  normal  conditions  contain 
bat  little  organic  life ;  but  their  waters  take  up  the  products  of  decaying 
organic  matter  from  the  grasses,  leaves  and  soil  with  which  they  come  in 
contact,  and  a  greater  or  less  quantity  of  mineral  matter  is  also  dissolved 
from  the  soil  and  rocks  over  which  the  waters  flow.  In  ponds  and  storage 
reservoirs,  on  the  other  hand,  vegetable  and  animal  organisms  find  con- 
ditions more  favorable  to  their  growth  and  development,  and  the  amount 
of  such  growths  and  their  effect  upon  the  quality  of  the  water  differs 
greatly  in  different  sources.  It  is  of  interest  to  compare,  also,  the  quality 
of  the  waters  of  natural  ponds  and  lakes  with  that  of  the  waters  of  arti- 
ficial reservoirs,  and  sub-divisions  have  been  made  in  the  tables,  so  as  to 
facilitate  such  comparisons. 


Surface-water  Supplies. 

The  averages  of  all  of  the  analyses  of  the  various  surface-water  supplies 
made  during  the  past  five  years  have  been  calculated,  and  are  presented  in 
the  following  table. 

In  this  table  the  analyses  of  the  waters  of  the  metropolitan  sources  are 
placed  at  the  beginning,  and  the  others  follow  in  alphabetical  order  by 

towns. 
In  the  case  of  most  of  the  waters  the  results  given  in  the  table  are  the 
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average  of  from  thirty  to  sixty  analyses,  made  at  regular  intervals  of  one 
or  two  months.  In  a  few  cases  the  samples  have  been  collected  at  longer 
intervals,  bat  nearly  always  as  often  as  once  in  three  months,  and  in  a 
very  few  cases  samples  have  been  collected  as  often  as  once  in  two  weeks. 
The  use  of  some  of  the  sources  included  in  the  table  was  begun  less 
than  five  years  ago,  and  the  examinations  have  consequently  covered  a 
shorter  period  than  five  years.  These  cases  are  mentioned  in  the  notes 
following  the  table. 

Table  No.  2.^  Averages  of  ChemiccU  Analyses,  from  1900  to  1904,  Inclusive. 

[Parts  per  100,000.] 


Source. 

1 

Ammokia. 

1 

NrrBooBK 

AS 

oniumed. 

ALBUMIirOIO. 

City  or  Towk. 

o  t 

. 

^ 

« 

1 

a 

1 

• 

o 

Residue 
F/ 

• 

1 

• 

1 

1 
1^ 

.23 
.22 

s 

i 
1 

1 

O 

Metropolitan  Water 
District. 

Nashua  River,*     . 
Wachasett  Reservoir,* 

.34 
.20 

8.63 
2.88 

.0021 
.0084 

.0168 
.0154 

.0026 
.0081 

.0066 
.0027 

.0001 
.0001 

.46 
.84 

0.9 

0.9 

Sndbury  Reservoir, 

.24 

8.68 

.0032 

.0156 

.0024 

.24 

.0090 

.0001 

1 

.89 
.88 
.67 

1.2 

Framlnrham  Reservoir 

No.  3. 
Hopkinton  Reservoir,  . 

.22 
.51 

8.86 
3.70 

.0023 
.0033 

.0156 
.0210 

.0026 
.0029 

.26 
.80 

.0120 
.0039 

.0001 
.0000 

1 

1.8 

0.8 

Ashland  Reservoir, 

.55 

3.56 

.0021 

.0206 

.0020 

.24 

.0026 

.0000 

.70 

0.8 

Framingham  Reservoir 

No.  2. 
Lake  Cochltnate,  . 

.69 

4.19 

.0082.0226 

.0024 

.80 

.0058 

.0000 

1.0 

.22 

4.86 

.0030 

.0208 

.0033 

.44 

.0076 

.0002 

.44 

2.0 

Chestnut  mil  Reservoir, 

.27 

3.87 

.0025 

.0155 

.0020 

.26 

.0106 

.0001 

.41 

1.3 

Spot  Pond,     . 

.07 

3.94 

.0018 

.0153 

.0022 

.29 

.0038 

.0000 

.27 

1.6 

Tap  in  State  House, 

.24 

4.01 

.0015 

.0144 

.0018 

.80 

.0119 

.0001 

.89 

l.fi 

Tap  In  Revere, 

.11 

3.96 

.0014 

.0143 

.0019 

.29 

.0067 

.0001 

.80 

1.7 

Tap  In  Qulncy, 

.23 

4.071 

.0010 

.0184 

.0015 

.32 

.0165 

.0001 

.38 

1.6 

Ablngton, 

Big  Sandy  Pond,  . 

.11 

3.22  .0022 

1 

.0157 

.0018 

.62 

.0020 

.0000 

.28 
.18 
.82 

0.5 

Adams, 

Bassett  Brook, 

.02 

3.72 

.0005 

.0039 

.0006 

.07 

.0159 

.0000 

2.5 

Dry  Brook,    . 

.17 

7.22 

.0013 

.0090 

.0010 

.10 

.0084 

.0001 

1 

4.9 

Amherst, . 
Andover, 

Amethyst  Brook  Reser- 

voir.* 
Haggett's  Pond,    . 

.39 
.13 

3.36 
3.16 

.0021 
.0014 

.0148 
.0152 

.0015 
.0012 

.13 
.30 

.0037 
.0020 

.0000 
.0000 

.81 

0.4 
1.2 

Athol, 

PhllUpston  Reservoir,* 

.62 

3.43 

.0049 

.WWW 

.0110 

.16 

.0042 

.0000 

.76 

0.6 

Barre, 

Buokman  Brook  Reser- 
voir.* 
Reservoir,*    . 

.38 

.07 

3.34 
3.66 

.0026 
.0100 

.0212 
.0365 

.0043 
.0070 

.14.  .0029 
.111  .0010 
.34  .0014 

r 

.61  .0013 

.oooo' 

.0000 

1  .61 
.82 

0.7 
1.2 

Brockton, 

Salisbury  Brook  Reser. 

voir.* 
Silver  Lake,  . 

.56 

.09 

3.70 
2.96; 

.0019 

.0010 

1 

.0233 
.0136 

.0036 
.0018 

.0000 
.0000, 

.69 
.28 

0.6 
0.4 

Cambridge, 

Lower    Hobbs    Brook 

Reservoir. 
Stony  Brook  Reservoir, 

.13 

.40 

4.89*  .0029 

1 
6.42'  .0030 

1, 

.0266 
.0234 

.0045 
.0033 

.36  .no^-i 
.44l'.0138 

.0001 

.ooo* 

'  .41  |2.l 
.67   2.2 

Fresh  Pond,  . 

.18 

6. 8S'.  0053'.  0227 

1          1 

.0055 

1 

.59  .0246.0004 

.86  3.2 

*  See  Notes. 
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Table  No.  3.  —  Average!  of  ChemiaaAnalytei,  etc.  — Contbmei. 

[Puts  par  100,000.] 
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Table  No.  S.  —  Averages  of  Ghemical  Anatyaet,  etc.  —  Continaed. 

[Put!  p«r  100,000.] 


i: 

Ammokia. 

NrraooBX 

^       1 

• 

CiTT  OR  TOWK. 

Source. 

• 

o 

Residue  on 

Evspon 

1 

ALBDMISOII). 

1 
■ 

.10 

s 

• 

0 

o 

1 

s 

i 

Sus- 
pended. 

• 

1 

Huntington,     . 

Cold  Brook,   . 

.17 

3.17 

.0015 

.0126 

.0015 

.0040 

.0000 

.S4  .1.0 

1 

IpBwIch,  . 

Dow's  Brook  Reseryolr, 

.24 

4.45 

.0022 

.0196 

.0028 

.56 

.0044 

.0001 

.42 

1.6 

Lawrence. 

L^eCi  .... 

Merrimack    Biyer,    fli. 

tered. 
Upper    Reservoir    on 

Coddinff  Brook. 
Codding  Brook, 

.34 

.35 

4.66 
2.79 
3.66 

.0124 
.0070 
.0014 

.0097 
.0278 
.0096 

.0009 
.0069 
.0008 

.28 
.11 
.08 

.0265 
.0082 
.0057 

.0001' 

1 

.0000 
.0001 

.40  .1.7 

1 

.63  |0.4 

.36  !l.7 

1 

Lenox,     .        .        . 

ReeerTolr, 

.05 

8.05 

.0015 

.0122 

.0020 

•09 

.0048 

.0000 

.18 

5.8 

Leominster,     . 

Morse  Reservoir,    . 

,VJ 

2.24 

.0032 

.0198 

.0045 

.14 

.0024 

.0001 

.87   0.1 

Haynes  Reservoir,. 

.17 

2.26 

.0047 

.0819 

.0108 

.13 

.0021 

.0000 

.38  O.L 

Fall  Brook  Reservoir,  . 

.11 

2.17 

.0013 

.0152 

.0028 

.14 

.0021 

.0000' 

.31 

0.3 

Longmeadow, 

Cooley  Brook, 

.06 

4.50 

.0015 

.0059 

.0016 

.17 

.0265 

.0002 

.12  .2.4 

Lynn, 

Birch  Beservolr,   . 

.34 

3.98 

.0051 

.0245 

.0043 

.46 

.0044 

.0001 

.50    1.1 

Breed's  Reservoir, 

.36 

3.51 

.0039 

.0208 

.0034 

.47 

.0028 

.0000 

.61 

0.8 

Glen  Lewis  Reservoir, . 

.25 

3.08 

.0062 

.0291 

.0084 

.37 

.0019 

.0000 

.41 

0.4 

Walden  Reservoir, 

.39 

3.50 

1 

.0034 

.0288 

.0066 

.89 

.0021 

.0000 

.58 

0.7 

Hawkes  Reservoir, 

.38 

4.37 

.0034 

.0248 

.0034 

.48 

.0081 

1 

.0001 

.61 

1.4 

Saugus  River, 

.86 

7.49 

.0050 

.0331 

.0087 

.60 

.0051 

.0002 
.0001 

1.00 

3.2 

Tap 

.86 

4.10 

.0080 

.0215 

.0027 

.45 

.0063 

.65 

1.2 

Marlborough,  . 

Tiake  Williams,     . 

.08 

4.12 

.0022 

.0225 

.0041 

.47 

.0038 

.0001 

.26 

1.6 

Maynard,. 

Mlllham   Brook  Reser- 
voir. 
White  Pond, . 

.46 
.04 

3.95 
2.67 

.0054 
.0008 

.0258 
.0119 

.0057 
.0019 

.30 
.31 

.0071 
.0034 

.0001 
.0000 

.54 
.15 

1.3 
0.6 

Mllford,   . 

Charles  River,  Altered,* 

.20 

3.93 

.0018 

.0100 

- 

.28 

.0165 

.0001 

.84    1.1 

Montague, 

Lake  Pleasant, 

.02 

2.46 

.0018 

.0077 

.0011 

.12 

.0040 

.OOOOj 

.09 

0.4 

Nantucket, 

Wannacomet  Pond, 

.07 

6.78 

1 

.0037 

.0287 

.0091 

2.2     .0018 

.0000 

.15    1.5 

Natick,     . 

Dug  Pond,*    . 

.13 

4.95 

1.0077 

.0187 

.0024 

.64 

.0137 

.0001 

.27   2.1 

New  Bedford, . 

Old  Storage  Reservoir, 

1. 00 

4.77 

.0035 

.0264 

.0041 

.53 

.0021 

.0000 

1.01   0.9 

Little  Quittacas  Pond,  . 

.26 

3.34 

.0015 

.0169 

.0022 

.49 

.0014 

.0000 

.46 

1 

0.6 

Great  Quittacas  Pond,  . 

.43 

3.42 

.0017 

.0180 

.0026 

.49 

.0010 

.0000 

.62 

0.6 

Tap  at  City  Hall,  . 

.22 

3.32 

.0016 

.0174 

.0019 

.49 

.0014 

.0000 

.43 

0.7 

North  Adams, . 

Notch  Brook  Reservoir, 

.03 

6.75 

.0047 

.0101 

.0022 

.07 

.0084 

.0002 

1 

.14  I5.O 

Broad  Brook, . 

.16 

3.63 

.0019 

.0085 

.0012 

.07 

.0179 

1 

.0000' 

.84 

1.8 

Northampton,  • 

Middle  Reservoir, . 

.21 

3.88 

.0013 

.0127 

.0024 

.11 

.0033 

.0000 

.35 

1.5 

West  Brook,  . 

.13 

3.78 

.0009 

.0063 

.0012 

.09 

.0087 

.0000 

.24 

1.7 

Mountain  Street  Reser- 
voir.* 

.04 

3.67 

.0016 

.0090 

.0017 

.09 

.0051 

.0000 

.17 

1.6 

♦  See  Notes. 
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Table  No.  2.  —  Averages  of  Chemical  Analysts^  etc.  —  Continued. 

[Parts  per  100,000.] 


Source. 

i 

Residue  on 

Evaporation. 

Ammohia. 

1 

■ 

O 
.82 

NrTBOoiN 

AS 

• 

1 

s 

1 

ALBCMINOm. 

1 

• 

1 

2 

CrrT  OS  Tows. 

■ 

& 

1 
1 

5^ 

1 

North  Andover, 

Great  Fond,    . 

1 
.12  3.39 

.0022 

.0190 

.0026 

.0020 

.0001 

.32 

1.2 

Xorthborough, 

Lower  Reservoir, . 

.61 

3.74 

.00^ 

.0220 

.0040 

.22 

.0061 

.0000 

.70 

0.9 

Northbridge,    . 

Cook  Allen  Beservoir,* 

.27 

3.13 

.0021 

.0119 

.0018 

.19 

.0019 

.0000 

.44 

0.4 

North  Brookfleld,    . 

Doane  Pond, . 

.o:!   :i.2l| 

.0065 

.0246 

.0047 

.15 

.0049 

.0001 

.60 

0.5 

North  Pond,  . 

.62 

3.35 

.0066 

.0271 

.0063 

.14 

.OOn-  JXKK) 

1 

.59 

0.5 

Xortfafield, 

Reservoir, 

.W 

2.94 

.0006 

.0077 

.0009 

.10 

.0021 

.0000 

.28 

0.7 

Norwood,. 

BuckniaBter  Pond, 

.10 

3.04 

.0078 

.0176 

.0030 

.34 

.oasB 

.0001 

.28 

0.7 

Palmer,    . 

Lower  Keeervolr,. 

.27 

3.36 

.0010 

.0148 

.0026 

.13 

.0026 

.0000 

.35 

0.6 

Peabody, . 

Brown's  Pond, 

.15  3.10 

.0016 

.0168 

.0027 

.62 

.0033 

.0001 

.81 

0.6 

Spring  Pond, . 

.0.;  4.00 

.0062 

.0138 

.0026 

.63 

.0012 

.0000 

.16 

1.6 

Plttsfleld,. 

A&hley  Lake,* 

.31 

4.67 

.0080 

.0219 

.0046 

.16 

.0041 

.0001 

.43 

2.3 

Ashley  Brook,*     . 

.14 

6.13 

.0052 

.0157 

.0022 

.10 

.0080 

.0000 

.27 

4.6 

Hathaway  Brook, . 

.05 

8.28 

.0020 

.0074 

.0008 

.11 

.0140 

.0000 

.14 

6.7 

Mill  Brook,     . 

.03 

6.03 

.0011 

.0069 

.0013 

.081 

.0071 

.0000 

.12 

3.6 

Sacket  Brook, 

.07 

6.43 

.0024 

.0093 

.0018 

.09 

.0141 

.0000 

.16 

5.1 

Plymouth, 

Little  South  Pond, 

.01 

2.48 

.0012 

.0139 

.0019 

.68 

.0016 

.0000 

.11 

0.1 

Randolph, 

Great  Pond,    . 

.40 

3.96 

.0012 

.0174 

.0013 

.53 

.0(14:  .0000 

.56 

1.0 

Rockport, 

Cape  Fond,    . 

.27 

9.12 

.0114 

.0301 

.0090 

3.62 

.0077 

.0001 

.41 

1.3 

Ratiand,  . 

Mascbopauge  Lake, 

.05 

2.17 

.0023 

.0136 

.0018 

.18 

.0020 

.0000 

.16 

0.4 

Salem,     . 

Wenharo  Lake, 

.12 

5.47 

.0047 

.0187 

.0039 

.75 

.0062 

.0002 

.30 

2.2 

Longhani  Reservoir,     . 

.94 

fi.-2f. 

.0085 

.0309 

.0047 

.91 

.0143 

.0002 

1 

.91 

1.8 

Southbridge,    . 
Sooth  HadJey, 

Hatchet  Brook  Reser- 
voir. 
Leaping  Well  Reservoir, 

.35 
.03 

3.15 
2.59 

.0025 
.0027 

.0174 
.0138 

.0035 
.0045 

.16 
.14 

.0033 
.0045 

.0000 
.0000 

.60 
.13 

0.6 
0.5 

Spencer,  . 

Buttery   Brook    Reser- 
voir. 
Shaw  Pond,    . 

.17 
.03 

3.71S 
2.31 

.0089 
.0013 

.0136 
.0125 

.0043 
.0009 

.24 

.16 

.0262 
.0051 

.0003 

1 

.0000 

.24 
.12 

0.9 
0.7 

Springfield,     . 

Lndlow  Canal, 

.87 

3.46 

.0023 

.0168 

.0025 

.14 

.0048 

.0000 

.46 

1.0 

Ludlow  Reservoir, 

.27 

2.88 

.0042 

.0301 

.0120 

.13 

.0065 

.0001 

.36 

0.7 

Chapin  Fond, 

.04 

2.25 

.0010 

.0193 

.0030 

.10 

.0018 

.0000 

.22 

0.4 

Five  Mile  Pond,    . 

.07 

2.50 

.0058 

.0210 

.0025 

.14 

.0018 

.0000, 

.26 

0.4 

Stockbridge,    . 

Lake  Averic, . 

.09 

5.70 

.0023 

.0158 

.0023 

.07 

.0028 

.0000 

.26 

3.7 

Taunton, . 

Assawompsett  Pond,    . 

.26 

3.16 

.0021 

.0183 

.0026 

.48 

.0016 

.0000 

.50 

0.5 

Elder's  Pond, 

.05 

2.75 

.0011 

.0160 

.0022 

.47 

.0017 

.0000 

.27 

0.4 

Wakefield. 

Crystal  Lake, 

.16 

4.49 

.0044 

.0196 

.0032 

1 

1 

.67 

.0073 

.0001 

.31 

1.9 

♦  S 

eeN 

otes. 
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Table  No.  2.  —  Averages  of  CftemieoZ  AruUytet,  ele.  —  Concluded. 

[Farta  per  100,000.] 


Source. 

on 
raporation. 

Akmomia. 

« 

NiTBOOKK 
AS 

i 

Cmr  OR  TowK. 

ALBUUNOID. 

. 

i 

a 

1 

■ 

o 

Residue 
Et 

■ 

1 

• 

1 

Sus- 
pended 

1 

.70 

1 

1 

1 

o 

Warebam, 

Jonathan's  Pond, . 

.02 

2.33 

.0011 

.0098 

.0011 

.0015 

.0000 

.11 

0.1 

Wayland, 

Snake  Brook  Reaerrolr. 

.80 

4.53 

.0045 

.OBtl 

.0037 

.28 

.0062 

.0000 

.95 

1.8 

Westfleld, 

Montgomery  Reservoir, 

.48 

2.65 

.0032 

.0192 

.0086 

.11 

.0082 

.0000 

.68 

0.3 

TUlotson  Brook,    . 

.08 

2.61 

.0011 

.0070 

.0010 

.11 

.0087 

.0000 

.18 

0.5 

We»t  Springfield,    . 

Darby  Brook  Reservoir, 

.14 

6.13 

.0059 

.0180 

.0072 

.18 

.0057 

.0001 

.27 

2.6 

Weymouth, 

Great  Pond,  . 

.69 

3.89 

.0023 

.0189 

.0020 

.49 

.0080 

.0000 

.77 

0.5 

Whitman, 

Hobart'B  Pond,*    . 

.eo 

6.22 

.0057 

.0318 

.0041 

.96 

.0070 

.0002 

.81 

1.8 

WlUlamstown, 

Flora  Glen  Reservoir,  . 

.07 

6.43 

.0025 

.0168 

.0048 

.07 

.0084 

.0000 

.13 

S.5 

Paul  Brook,   . 

.02 

4.15 

.ooas 

.0086 

.0005 

.06 

.0149 

.Ol,H«)! 

.05 

2.8 

Winchester,     . 

North  Reservoir,    . 

.08 

4.61 

.0040 

.0232 

.0048 

.45 

.0028 

.0001 

.27 

2.0 

South  Reservoir,  . 

.09 

8.15 

.0054 

.0214 

.0028 

.80 

.0037 

.0001 

.27 

1.2 

Middle  Reservoir, 

.20 

3.42 

.0081 

.0328 

.0072 

.31 

.0049 

.0002 

.39 

1.1 

Worcester, 

Kent  Reservoir,     . 

.29 

3.24 

.0031 

.0188 

.0088 

.17 

.0070 

.0000 

.46 

0.9 

Leicester  Reservoir,     . 

.23 

3.01 

.0041 

.0153 

.0021 

.17 

.0064 

.0000 

.40 

0.8 

Upper  Holden  Reser- 
voir. 

Lower  Holden  Reser- 
voir. 

.14 

.07 

2.16 
2.26 

.0025 
.0022 

.0163 
.0116 

.0042 
.0021 

.13 
.15 

.0024 
.0027 

.0000 
.0000 

.30 
.19 

0.3 
0.6 

•  See  Notes. 


Notes. 

Metropolitan  Water  District y  Nashua  River. — The  water  of  this  source  may  have  been  unfavor- 
ably affected  by  the  operations  Incident  to  the  construction  of  the  Wachusett  Reservoir  during  the 
period  ooverea  by  the  analyses. 

Metropolitan  Water  District,  Wachusett  Reservoir.  —  This  Is  a  new  reservoir,  not  yet  completed. 
A  considerable  quantity  of  water  had  been  collected  In  April,  1904,  and  examinations  of  the  source 
were  begun  at  that  time. 

Amherst,  Amethyst  Brook  Reservoir.— TYA^  reservoir  was  drawn  off  in  1904,  and  the  soil  and 
organic  matter  removed  from  Its  bottom,  or  covered  with  sand. 

Aihol.  Phillipston  Reservoir.— ThQ  water  of  this  reservoir  Is  filtered  through  a  mechanical  filter 
before  being  supplied  to  the  town. 

Athol,  Buckman  Brook  Reservoir.  — VrevlovLS  ,to  1903  the  reservoir  had  a  very  small  capacity;  a 
new  reservoir  of  very  much  larger  capacity  was  completed  In  the  latter  part  of  1903.  The  analy- 
ses represent  the  results  of  examinations  of  both  re8ci*voir8. 

Barre,  Reservoir.  —  Much  of  the  water  entering  Is  ground  water,  which  deteriorates  rapidly  on 
exposure  to  light  In  the  reservoir. 

Brockton.  —  Since  the  introduction  of  water  from  Silver  Lake  in  1904  the  use  of  the  Brockton 
storage  reservoir  has  been  discontinued. 

Deerfieldy  Roaring  Brook.  — Th\^  source  was  first  used  In  1903. 

Gloucester,  Haskell  Brook  Reservoir.— Th\B  reservoir  was  completed  and  first  used  In  1908. 

Milford,  Charles  River,  filtered.  — The  water  of  Charles  River  is  filtered  through  an  artificial 
sand  filter,  and  Is  mingled  with  ground  water  obtained  from  wells  near  the  river. 

Natick,  Dug  Pond. — Dug  Pond  was  abandoned  as  a  source  of  water  supply  by  Natlck  In  190S. 

Northampton,  Mountain  Street  Reservoir.  —  This  reservoir,  which  receives  water  from  West 
Brook,  w^as  completed  In  1902.    It  was  emptied  again  In  1903,  and  has  not  since  been  filled. 

Northhridge,  Cook  Allen  Reservoir.  — 'Th\fi  reservoir  was  completed  In  1902. 

Piltsjield.  —  The  water  of  A  shley  Lake  flows  down  Ashley  Brook,  and  is  supplied  thence  to  the  citv. 

irhitman,  IJobarVs  ^onrf.— This  pond  was  abandoned  as  a  source  of  water  supply  for  Whitman 
at  the  end  of  the  year  1904,  and  water  was  Introduced  from  the  works  of  the  city  of  Brockton, 
water  being  supplied  from  Silver  Lake. 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  125 

First  in  importance  in  comparing  the  waters  of  the  various  sources  are 
the  conditions  affecting  their  safety  for  drinking,  and  these  depend  chiefly 
upon  their  comparative  freedom  from  danger  of  contamination  by  the 
wastes  of  human  life  and  industry. 

Nearly  all  of  the  water-sheds  of  streams,  ponds  and  reservoirs  in  Massa- 
chusetts used  as  sources  of  water  supply  contain  human  habitations  ;  but 
the  use  of  unpurified  water  from  sources  polluted  by  the  direct  discharge 
of  the  Bewage  from  the  sewers  of  towns  and  villages  has  been  discontinued. 
The  degree  of  danger  to  which  the  health  of  a  community  is  exposed  by 
reason  of  the  presence  of  population  within  the  water-shed  of  the  source 
from  which  it  derives  its  supply  of  drinking  water  depends  upon  many 
circnmstances.  When  sewage  is  discharged  upon  the  ground  within  a 
water-shed,  it  may,  if  the  soil  is  fine  and  impervious,  or  has  been  rendered 
imperrious  by  frost,  find  its  way  directly  over  the  surface  and  into  a 
neighboring  stream  and  thence  into  the  distributing  system  of  a  public 
water  supply,  within  a  veiy  few  days  or  even  a  few  hours  of  the  time  of 
its  discharge.  On  the  other  hand,  the  circumstances  may  be  such  (as,  for 
example,  when  a  polluted  stream  flows  into  a  large  lake  or  reservoir)  that 
the  polluting  matter  may  be  many  weeks  or  months  in  passing  from  the 
point  where  it  enters  the  stream  to  the  intake  pipes  of  the  water-supply 
system,  and  its  noxious  qualities  may  be  wholly  removed  by  sedimenta- 
tion, oxidation  or  other  processes  which  take  place  in  ponds  and  reservoirs. 
If  sewage  or  other  polluting  matter  is  discharged  upon  land  having  a  porous 
soil  it  may  sink  into  the  ground  and  become  purified  by  filtration  before 
entering  the  stream  to  such  an  extent  that  the  resulting  pollution  will  not 
cause  injury  to  health.  In  some  cases,  where  the  water-shed  of  a  source 
of  so pply  contains  a  large  population,  sewers  have  been  constructed  in  which 
the  sewage  and  foul  drainage  are  removed  and  disposed  of  outside  of  the 
water-shed.  Many  of  the  sources  of  supply  in  the  State  are  now  protected 
by  the  enforcement  of  rules  and  regulations  which  have  been  established 
from  time  to  time  by  the  State  Board  of  Health,  under  the  provisions  of 
poblic  statutes,  but  there  are  still  cases  in  which  adequate  sanitary  pro- 
tection is  not  provided.  In  some  cases  cities  and  towns  have  purchased 
and  removed  all  of  the  buildings  within  the  water-sheds  of  their  sources  of 
water  supply,  thus  preventing  further  danger  of  pollution  from  these  places. 

While  the  number  of  persons  living  within  a  water-shed  is  in  a  general 
way  an  index  of  the  extent  to  which  a  source  is  exposed  to  danger  of 
sewage  pollution,  the  actual  danger  to  which  users  of  the  water  are  exposed 
depends,  as  has  been  indicated,  upon  many  circumstances,  and  a  thorough 
knowledge  of  the  conditions  affecting  each  source  is  necessary  to  determine 
definitely  the  relative  sanitary  quality  of  the  various  waters. 

The  sources  in  the  water-sheds  of  which  rules  and  regulations  have 
been  established  for  the  protection  of  the  purity  of  the  water  are  the 
following :  — 
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Table  No.  S. 


Metropolitan  Water  District,  Aehland  Beser. 

Tolr,  Chestnut  Hill  Beservolr,  Framlngham 

Reservoir  No.  2,  Framlngham  Beseryoir  No. 

S,   Hopkinton  Reservoir,  Lake    Cochltoate, 

Nashua  River,  Sudbury  Reservoir,  Wachu- 

sett  Reservoir. 
Abington  and  Rockland,  Big  Sandy  Pond. 
Attleborough,  Orr*s  Pond.* 
Cambridge,  Stony  Brook  Reservoir. 
Danvers,  Mlddleton  Pond,  Swan's  Pond. 
Easthampton,  Bassett  Brook. 
Fall  River,  NorUi  Watuppa  Lake. 
Fltchburg,  Falulah  Reservoir,  Scott  Reservoir, 

Smith  Reservoir,  Meetinghouse  Pond. 
Greenfield,  Glen  Brook  Reservoir. 
Haverhill,  Kenoza  Lake,  Millvale  Reservoir. 
Lincoln,  Sandy  Pond. 
Marlborough,  Lake  Williams,  Millham  Brook 

Reservoir. 
Northampton,  Roberts*  Meadow  Brook,  West 

Brook,  Mountain  Street  Reservoir. 


Norwood,  Buckmaster  Pond. 

Peabody,   Reservoir,   Brown's    Pond,  Spring 

Pond. 
Pittsfleld,  Ashley  Lake,  Ashley  Brook,  Sacket 

Brook,  Hathaway  Brook,  Mill  Brook. 
Plymouth,  Lout  Pond,  Little  South  Pond,  Great 

South  Pond. 
Randolph  and  Holbrook,  Great  Pond. 
Rockport,  Cape  Pond. 

Salem,  Wenham  Lake,  Longham  Reservoir. 
Springfield,  Jablsh  Brook,  Broad  Brook,  Axe 

Factory  Brook,  Ludlow  Reservoir,  Chapin 

Pond,  Five  Mile  Pond,  Higher  Brook,  lower 

basin  of  Van  Horn  Reservoir. 
Taunton,  Elder's  Pond,  Assawompsett  Pond. 
Wakefield,  Crystal  Lake. 
Weymouth,  Great  Pond. 
Worcester,    Tatnuck    Brook,    Lynde    Brook, 

Kettle  Brook. 


Sewers  have  been  built  which  remove  all  or  a  part  of  the  sewage  from 
the  water-sheds  of  the  following  sources  :  — 


Metropolitan  Water  District,  Framlngham 
Reservoir  No.  2,  Sudbury  Reservoir,  Fram. 
Ingham  Reservoir  No.  3,  Lake  Cochituate. 

Fall  River,  North  Watuppa  Lake. 

Gardner,  Crystal  Lake. 


Haverhill,  Pentucket  Lake. 
Lynn,  Saugus  River. 
Marlborough,  Lake  Williams. 
Natick,  Dug  Pond. 
Wakefield,  Crystal  Lake. 


The  approximate  population  living  within  the  water-sheds  of  the  various 
sources  of  supply  has  been  computed  from  the  best  information  available, 
and  the  results  are  presented  in  the  following  table :  — 

Table  No.  4.  —  Surface-water  Sources,  arranged  in  Groups  according  to  the 

Population  on  their  Waier-sheds, 

Group  1.  —  Sources  having  a  Population  upon  their  Watershedt  of  Lets  than  10  per  Square  MUe. 


CiTT  OK  TOWK. 

Source. 

CiTT  OB  Town. 

Source. 

Adams, 

Bassett  Brook. 

Gloucester,  . 

Dike's  Brook  Reservoir. 

Athol,  .... 
Brookfield,  . 

Bnckman  Brook  Reser- 
voir. 
Reservoir. 

Gloucester,  . 
Gloucester,  . 

Hapkell  Brook    Reser- 

voir. 
Wallace  Reservoir. 

Cheshire,      . 
Cbicopee,     . 

Kitchen  Brook. 
Morton  Brook. 

Great  Barrington, 
Hatfield, 

East  Mountain  Reser- 
voir. 
Reservoir. 

Dalton, 

Egypt  Brook  Reservoir. 

Hinsdale,     . 

Storage  Reservoir. 

*  Not  used  directly  as  a  source  of  water  supply. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


127 


Table  No.  4.  —  Suffatee-^aier  Sources,  arranged  in  Groups^  etc,  —  Continaed. 

Group  I.—  Sources  having  a  Population  upon  their  Watersheds  of  Lesi  than  20  per  Square  Mile 

—  Concluded. 


CiTT  OR  TOWK. 

Source. 

1 

Crrv  OB  TowK. 

Sooroe. 

Holyoke,      . 

Holyoke, 

Lee,      .... 

'  Whiting  Street  Reaer- 
voir. 
Wright    and     Ashley 

Pond. 
Codding  Brook. 

Southbridge, 
South  Hadley, 
Spencer, 

Hatchet  Brook  Reser. 
voir. 

Leaping  Well  Reser- 
voir. 

Shaw  Pond. 

Leominster, 

Morse  Beserrolr. 

Stockbrldge, 

Lake  Averic. 

LjOD,    .... 

Glen  Lewis  Reservoir. 

Wareham,    . 

Jonathan's  Pond. 

Lrnn,  .... 

Walden  Beserroir. 

West  Springfield, 

Darby  Brook  Reservoir. 

Naatncket,   . 

Wannaoomet  Pond. 

Wllliamstown, 

Flora  Glen  Reservoir. 

North  Adams, 

Broad  Brook. 

WUliamstown,     . 

Paul  Brook. 

North  AdaniB, 

Notch  Brook  Reservoir. 

Winchester, 

North  Reservoir. 

Northbridge, 

Cook  Allen  Reservoir. 

Winchester, 

Middle  Reservoir. 

Northfleld,   . 

Reservoir. 

Winchester, 

South  Reservoir. 

Plttelleld,     . 

Ashley  Lake. 

Group  II.  —  Sources  having  a  Population  upon  their  Water-sheds  of  from  10  to  60  per  Sq^iare  Mile. 


Metropolilan    Water 

District. 
Adams, 

Ashland  Reservoir. 
Drj'  Brook. 

Maynard,     . 
New  Bedford, 

'  White  Pond. 
Old  Storage  Reservoir. 

Amherst,      ... 
Andorer, 

Amethyst  Brook  Reser- 
voir. 
Raggett's  Pond. 

Northampton, 
Northampton, 

Middle  Reservoir. 

Mountain  Street  Reser- 
voir. 
West  Brook. 

Brockton,     . 

Silver  Lake. 

1  Northampton, 

Cambridge, . 
Cheshire, 

Lower    Hobbs    Brook 

Reservoir. 
Thunder  Brook. 

1  Northborough, 
'  North  Brook  field, 

Lower  Reservoir. 

Doane  Pond. 

1 

Chester, 

Austin  Brook. 

North  Brookfleld, 

North  Pond. 

Concord, 

Sandy  Pond. 

Palmer, 

Lower  Reservoir. 

Danvers, 

Middleton  Pond. 

Pittsfleld,     . 

Ashley  Brook. 

Deerflekt,     . 

Roaring  Brook. 

;  Pittsfleld,     . 

Hathaway  Brook. 

Easthampton, 

Bassett  Brook. 

Pittsfleld,     . 

Mill  Brook. 

Falmouth,    . 

Long  Pond. 

Pittefleld,     . 

Sacket  Brook. 

Fitchborg,    . 

Falulah  Reservoir. 

Rutland, 

Muschopauge  Lake. 

Fltchburg,    . 

Scott  Reservoir. 

Springdeld, 

Chapln  Pond. 

Great  Harrington, 

Green  River. 

Springfield, . 

Five  Mile  Pond. 

Greenfield,  . 

Glen  Brook  Reservoir. 

Springfield, . 

Ludlow  Reservoir. 

Haverhill,    . 

Crystal  Lake. 

Wayland, 

Snake  Brook  Reservoir. 

Holyoke, 

Manhan  River. 

Westfield,    . 

Montgomery  Reservoir. 

Hontington, 

Cold  Brook. 

;  Westfield,    . 

TiUotson  Brook. 

Lenox, 

Reservoir. 

Worcester, 

Kent  Reservoir. 

Leominster, 

1  Fall  Brook  Reservoir. 

1 

Worcester,  . 

Leicester  Reservoii*. 

Leominster, 

Haynes  Reservoir. 

Worcester,   . 

•  Lower  Holden  Reservoir. 

Lynn 

Breed's  Reservoir. 

Worcester, 

Upper  Holden  Reservoir. 
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Tablb  No.  4. —  Surface-water  Sources^  arranged  in  Groups,  etc,  —  Concladed. 

Group  111.  —  8<mree»  having  a  Population  upon  their  Watershedi  (^f  from  60  to  100 per  Square 

MUe, 


CiTT  OB  Town. 

Souroe. 

CiTT  OB  Town. 

Source. 

Athol,  . 

PhllllpBton  Reservoir. 

New  Bedford,      . 

LltUe  Qnlttacas  Pond. 

Brockton,     . 
Cambridge,  . 

Salisbury  Brook  Reser- 
voir. 
Stony  Brook  Reservoir. 

North  Andover,  . 
Peabody, 

Great  Pond. 
Brown's  Pond. 

Chlcopee,     . 

Cooley  Brook. 

Plymouth,    . 

Little  South  Pond. 

Fltchburg, 

Meetinghouse  Pond. 

Rockport,     . 

Cape  Pond. 

HaTerhill,    . 
Haverhill, 

Johnson's  Pond. 
Mlllvale  Reservoir. 

South  Hadley,     . 
Taunton, 

Buttery   Brook   Reser- 

voir. 
Assawompsett  Pond. 

Hlngham, 

FulUng  Mill  Pond. 

Taunton, 

Elder's  Pond. 

Longmeadow, 

Cooley  Brook. 

Westborough, 

Sandra  Pond. 

Lynn,  > 

Hawkes  Reservoir. 

Weymouth, . 

Great  Pond. 

New  Bedford, 

Great  Qnlttacas  Pond. 

Group  I  v.  — Source*  having  a  Population  upon  their  Water-shedt  of  from  100  to  200  per  Square 

mie. 


Metropolitan 
District. 

Metropolitan 
District. 

AblDgton, 

Barre,  • 

I  W 

L    WJ 

Eiter 
liter 

Nashua  River. 
Wachusett  Reservoir. 
Big  Sandy  Pond. 
Reservoir. 

Lawrence,    . 

Lynn,   .... 

Marlborough, 

Milford, 

Merrimack   River,   HI- 

tered. 
Saugus  River.* 

MUlham  Brook  Reser- 
voir. 
Charles  River,  filtered. 

Fall  River,   . 

North  Watuppa  Lake.* 

Montague,   . 

Lake  Pleasant. 

Haverhill,    . 

Kenoza  Lake. 

Norwood,     . 

Buckmaster  Pond. 

Hlngham, 

Accord  Pond. 

Randolph,    . 

Great  Pond. 

Hudson, 

Gates  Pond. 

Salem,  .... 

Longham  Reservoir. 

Ipswich, 

Dow's  Brook  Reservoir. 

Salem, «... 

Wenham  Lake. 

Group  V,— Sources  having  a  Population  upon  their  Water-aheda  of  more  than  200  per  Square 

MiU, 


Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan   Water 

District. 
Metropolitan  Water 

District. 
Cambridge, . 

Gardner, 


Hopklnton  Reservoir. 

Framlngham  Reservoir 

No.  2.t 
Sudbury  Reservolr.f 

Framlngham  Reservoir 

No.  S.f 
Lake  Cochltuate.f 

Fresh  Pond.f 

Crystal  Lake.* 


Haverhill,    . 
Lynn,  . 
Marlborough, 
Natlck, 
Peabody, 
Wakefield,   . 
Whitman,     . 


Pentucket  Lake.* 
Birch  Reservoir. 
Lake  WilllamB.t 
Dug  Pond.t 
Spring  Pond. 
Crystal  Lake.* 
Hobart'B  Pond.^ 


*  Sewers  remove  a  portion  of  the  sewage  from  within  the  water-shed. 

t  Sewers  have  been  built  to  remove  sewage  from  water-shed.  X  Abandoned. 
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Next  in  importance  to  the  freedom  of  the  water  from  danger  of  pollution 
by  sewage  is  its  relative  freedom  from  organic  matter ;  and  the  best  index 
of  the  quantity  of  organic  matter  present  in  surface  waters  is  furnished 
by  the  determination  of  the  ammonia,  especially  the  albuminoid  ammonia. 
The  total  quantity  of  albuminoid  ammonia  in  the  various  sources  of  water 
supply  and  the  quantity  of  albuminoid  ammonia  in  suspension  are  shown 
in  the  following  table,  in  which  the  waters  have  been  arranged  in  accord- 
ance with  the  average  total  quantity  of  albuminoid  ammonia  for  the  past 
five  years.  The  averages  of  the  maximum  amounts  in  each  year  of  the 
five  are  also  presented.  For  convenience,  the  quantity  of  free  ammonia  is 
also  included  in  the  table. 


Table  No.  5.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  Surface  Waters^ 

arranged  in  Order  of  Albuminoid  Ammonia. 

[Parts  per  100,000.] 


Sonrce. 

ALBVMXHom  Ammonia. 

^^ 

TOTAL. 

Crt  ob  Towv. 

Arerage  for  Fire 
Tears. 

4^ 

Is 

J 

1 

1 

1 

Great  Barrlngton,  . 

Green  RlTer 

.0081 

.0044 

.0060 

.0004 

.0012 

WmiamKowD, 

• 

Paul  Brook 

.0086 

.0046 

.0064 

.0006 

.0006 

Greenfleld,     . 

• 

Olen  Brook  Beserrolr,  . 

.0068 

.0060 

.0072 

.0002 

.0007 

Adama,    . 

»                • 

Basaett  Brook 

.0089 

.0054 

.0062 

.0006 

.0006 

Cheehire. 

• 

Thunder  Brook,     .... 

.0089 

.0048 

.0066 

.0004 

.0009 

Deerlleld, 

• 

Roaring  Brook,      .... 

.0069 

.0066 

.0060 

.0006 

.0009 

Chlcopee, 

• 

Morton  Brook 

.0044 

.0060 

.0098 

.0008 

.0006 

Cheshire,* 

• 

Kitchen  Brook,      .... 

.0082 

.0060 

.0196 

.0022 

.0018 

Chester,   . 

■                • 

AoBtln  Brook 

.0006 

.0066 

.0068 

.0004 

.0006 

HatAeld,  .       . 

»               • 

Beserrolr, 

.0069 

.0182 

.0276 

.0007 

.0016 

I^engneadow, 

• 

Cooley  Brook 

.0060 

.0079 

.0118 

.0016 

.0015 

Plttsfleld, 

•               • 

MIU  Brook, 

.0060 

.0107 

.0224 

.0013 

.0011 

Northampton, . 

•               ■ 

West  Brook, 

.0068 

.0168 

.0168 

.0012 

.0009 

Westfleld, 

•               • 

Tlllotaon  Brook,     .... 

.0070 

.0090 

.0108 

.0010 

.0011 

Plttsfleld, 

•               • 

Hathaway  Brook 

.0074 

.0109 

.0160 

.0008 

.0090 

Great  Barrlngton, 

•               • 

East  Mountain  Reservoir,    . 

.0076 

.0096 

.0108 

.0020 

.0068 

Montague. 

•               ■ 

Lake  Pleasant,       .... 

.0077 

.0096 

.0118 

.0011 

.0018 

Koithfleld, 

•               • 

Beserrolr, 

.0077 

.0118 

.0164 

.0009 

.0006 

Korth  Adams, 

•               • 

Broad  Brook 

.0086 

.0146 

.0204 

.0012 

.0010 

lasthampton, . 

•               • 

Basaett  Brook,       .... 

.0069 

.0166 

.0278    .0019 

■OOll 
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Table  No.  5,  ^  Albuminoid  Ammonia  and  Free  Ammonia  in  Surface  Waters^ 
arranged  in  Order  of  Albuminoid  Ammonia —  Contlnaed. 

[Parte  per  100,000.] 


€rrT  OB  TowH. 


Source. 


Albumxhoid  Akkobia. 


TOTAL. 


II 


i 


I"" 

1= 


I. 

Is 


0' 
QQ 


I* 

I* 


Adams, 

Northampton, 

Pittefield, 

i^eo,  .       •       • 

Lawrence, 

Warebam, 

Falmouth, 

Bfllford,   . 

ITorth  Adams, . 

iDalton,     . 

Worcester, 

3iaynard, 

37orthbrldge,    . 

lionox,     . 

49pencer,  . 

fiuntington, 

^Northampton, . 

Hlngham, 

Concord,  . 

Holyoke,  . 

Metropolitan  Water  District, 

Brockton, 

Fltchburg, 

Sutland,  . 

South  Hadley, 

Peabody, . 

South  Hadley, 

Chlcopee, 

Plymouth, 

Metropolitan  Water  District, 

Amherst, 


Dry  Brook, 

Mountain  Street  Reservoir, 

Sacket  Brook, 

Codding  Brook, 

Merrimack  Blver,  filtered, 

Jonathan's  Pond,  . 

Long  Pond, 

Charles  Hiver,  filtered, . 

Notch  Brook  Beserrolr, 

Egypt  Brook  Betervoir, 

Lower  Holden  Reservoir, 

White  Pond,  . 

Cook  Allen  Beservolr, 

Reservoir, 

Shaw  Pond,    . 

Cold  Brook,    . 

Middle  Reservoir, 

Accord  Pond, 

Sandy  Pond,  . 

Manhan  River, 

Tap  In  Qulncy, 

Silver  Lake,    . 

Meetinghouse  Pond, 

Muschopauge  Lake, 

Buttery  Brook  Reservoir, 

Spring  Pond, . 

Leaping  Well  Reservoir, 

Cooley  Brook, 

Little  South  Pond, . 

Tap  In  Revere, 

Amethyst  Brook  Reservoir, 


.0090 
.0090 
.0098 
.0096 
.0097 
.0096 
.0009 
.0100 
.0101 
.0110 
.0116 
.0119 
.0119 
.0122 
.0186 
.0126 
.0127 
.0128 
.0181 
.0138 
.0184 
.0186 
.0186 
.0186 
.0186 
.0138 
.0138 
.0189 
.0189 
.0143 
.0148 


.0129 

.0194 

.0120 

.0122 

.0144 

.0810 

.0126 

.0166 

.0188 

.0172 

.0124 

.0200 

.0127 

.0184 

.0161 

.0168 

.0161 

.0240 

.0128 

.0168 

.0149 

.0162 

.0162 

.0248 

.0106 

.0192 

.0178 

.0220 

.0154 

.0188 

.0177 

.0190 

.0216 

.0260 

.0102 

.0180 

.0166 

.0210 

.0196 

.0276 

.0160 

.0184 

.0*208 

:0286 

.0171 

.0198 

.0174 

.0260 

.0180 

.0200 

.0150 

.0166 

.0196 

.0262 

.0228 

.0886 

.0169 

.0204 

.0170 

.0186 

.0201 

.0864 

.0010 
.0017 
.0018 
.0008 
.0009 
.0011 
.0009 

.0022 
.0016 
.0021 
.0019 
.0018 
.0020 
.0009 
.0015 
.0024 
.0018 
.0014 
.0022 
.0016 
.0018 
.0019 
.0018 
.0048 
.0026 
.0045 
.0024 
.0019 
.0019 
.0015 


.0018 
.0016 
.0024 
.0014 
.0124 
.0011 
.0014 
.0018 
.0047 
.0014 
.0022 
.0008 
.0021 
.0015 
.0018 
.0015 
.0018 
.0010 
.0011 
.0014 
.0010 
.0010 
.0016 
.0023 
.0039 
.0062 
.0027 
.0019 
.0012 
.0014 
.0021 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  131 


Table  No.  5. --Albuminoid  Ammonia  and  Free  Ammonia  in  Suffaee  WaUr$, 
arranged  in  Order  of  Albuminoid  Ammonia --  Continued. 

[Parts  per  100,000.] 


CXTT  OB  TOWH. 


Metropolitan  Water  DlBtrict, 

Palmer 

Haverhill,       .       .       .       . 

Hndaon, 

AndoTer,        .       .       .       . 

Leominster,    .       .       .       . 

MetropollUn  Water  Dlstrlot, 

Worcester,      .... 

Worcester,      .       •       .       . 

Metropolitan  Water  District, 

Metropolitan  Water  District, 

Metropolitan  Water  District, 

Metropolitan  Water  District, 

Ablngton, 

Plttsfleld, 

Springfield, 

Stockbrldge, 

HaTerhlll, 

Tannton, . 

Hayerhlll, 

UaTerhlll, 

Holyoke,  • 

Metropolitan  Water 

WUllamstown, 

New  Bedford, 

Peabody, . 

Gardner, . 

Kew  Bedford, 

Bandolph, 

Sonthbrldge, 

Norwood, 


District, 


Boaroe. 


Tap  In  State  House, 

Lower  Beserrolr,  . 

Kenosa  Lake, 

Gates  Pond,    . 

Haggett's  Pond, 

Fall  Brook  Beserrolr,  . 

Spot  Pond, 

Leicester  Besexrolr, 

Upper  Holden  Besexrolr, 

Wachnsett  Reservoir,    . 

Chestnut  Hill  Beseirolr, 

Sudbury  Beserrolr, 

Framlngham  Reservoir  No.  8, 

Big  Sandy  Pond, 

Ashley  Brook, 

Ludlow  Canal, 

LakeAverlc,  . 

Pentueket  Lake, 

Elder's  Pond, 

Johnson's  Pond, 

Crystal  Lake, . 

Wright  and  Ashley  Pond, 

Nashua  River, 

Flora  Glen  Reservoir,   . 

Little  Qulttacas  Pond,  . 

Brown's  Pond, 

Crystal  Lake, . 

Tap  at  City  Hall,    . 

Great  Pond,    . 

Hatchet  Brook  Reservoir, 

Buekmaster  Pond, 


ALSUiiniom  Ammoitia. 


TOTAL. 


I 


.0144 
.0148 
.0148 
.0181 
.0158 
.0183 
.0188 
.0188 
.0168 
.0184 
.0188 
.0166 
.0186 
.0187 
.0187 
.0188 
.0188 
.0160 
.0160 
.0166 
.0166 
.0166 
.0168 
.0168 
.0160 
.0169 
.0178 
.0174 
.0174 
.0174 
.0176 


0178 
O90O 
0167 
0184 
0171 
0184 
0106 
0181 
0S27 
0193 
0188 
0807 
0806 
0188 
0816 
0876 
0800 
0186 
0190 
0800 
0193 
0318 


0349 
0196 
0801 
0310 
0807 
0306 
0861 
0234 


s 

S 


.0190 
.0860 
.0176 
.0880 
.0198 
.0196 
.0884 
.0800 
.0368 
.0198 
.0810 
.0848 
.0884 
.0886 
.0866 
.0440 


.0344 
.0306 
.0306 
.0316 
.0388 
.0606 
.0446 
.0344 
.0883 
.0348 
.0838 
.0886 
.0816 


> 

II 

CO 


.0018 
.0086 
.0016 
.0019 
.0018 
.0088 
.0088 
.0081 
.0048 
.0081 
.0030 
.0084 
.0036 
.0018 
.0083 
.0086 
.0088 
.0019 
.0088 
.0016 
.0019 
.0083 
.0036 
.0048 
.0033 
.0087 
.0038 
.0019 
.0018 
.0086 
.0080 


.0018 
.0010 
.0018 
.0088 
.0014 
.0018 
.0018 
.0041 
.0086 
.0084 
.0086 
.0068 
.0088 
.0088 
.0068 
.0038 
.0088 
.0010 
.0011 
.0013 
.0018 
.0036 
.0031 
.0036 
.0016 
.0016 
.0036 
.0016 
.0013 
.0086 
.0078 
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Table  No.  6.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  Surf  ace  Waters^ 
arranged  in  Order  of  Albuminoid  Ammonia — Continued. 

[Parts  per  100,000.] 


CiTT  OR  Town. 


Soorco. 


Albumhioid  Ammonia. 


TOTAL. 


'5 


Hi 


I 


S 


1= 


< 
1C 


'^ 


ii 


Fall  River, 
New  Bedford, . 
West  Springfield,    . 

Taunton 

Glouoester, 

Nattck 

Salem,      .... 

Worceater, 

Weymouth, 

North  Andover, 

Fitchburg, 

Weatfleld, 

Danvera 

Springfield, 

Wakefield, 

Ipswich,  .... 

Leominster, 

Metropolitan  Water  District, 

Haverhill, 

Metropolitan  Water  District, 

Lynn,       .... 

Metropolitan  Water  District, 

Hinsdale, 

Springfield, 

Athol 

Gloncester, 

Winchester, 

Lynn,       .... 

Pittsfield, 

Northborongh, 

Marlboroagh,  . 


Noith  Watnppa  Lake, 
Great  Qnlttacas  Pond, 
Darby  Brook  Reservoir, 
Assawompsett  Pond, 
Dike's  Brook  Reservoir, 
Dag  Pond, 
Wenham  Lake, 
Kent  Reservoir, 
Great  Pond,    . 
Great  Pond,    . 
Scott  Reservoir, 
Montgomery  Reservoir, 
Middleton  Pond, 
Chapin  Pond, . 
Crystal  Lake, . 
Dow*s  Brook  Reservoir, 
Morse  Reservoir,    . 
Ashland  Reservoir, 
Millvale  Reservoir, 
Lake  Cochitiutte,    . 
Breed's  Reservoir, 
Hopklnton  Reservoir, 
Storage  Reservoir, 
Five  Mile  Pond, 
Backman  Brook  Reservoir, 
Haskell  Brook  Reservoir, 
South  Reservoir, 
Tap, 

Ashley  Lake,  . 
Lower  Reservoir, 
Lake  Williams, 


.0180 

.0216 

.0262 

.0180 

.0208 

.0268 

.0180 

.0266 

.0800 

.0183 

.0288 

.0840 

.0186 

.0241 

.0300 

.0187 

.0218 

.0848 

.0187 

.0268 

.0892 

.0188 

.0276 

.0824 

.0189 

.0214 

.0248 

.0190 

.0228 

.0272 

.0192 

.0266 

.0882 

.0192 

.0246 

.0866 

.0198 

.0282 

.0260 

.0198 

.0216 

.0264 

.0196 

.0281 

.0280 

.0196 

.0269 

.0808 

.0198 

.0249 

.0816 

.0206 

.0242 

.0294 

.0207 

.0248 

.0296 

.0206 

.0271 

.0806 

.0206 

.0260 

.0806 

.0210 

.0867 

.0302 

.0210 

.0289 

.0800 

.0210 

.0268 

.0864 

.0212 

.0828 

.0482 

.0212 

.0868 

.0398 

.0214 

.0260 

.0802 

.0216 

.0816 

.0664 

.0219 

.0610 

.0812 

.0220 

.0296 

.0862 

.0226 

.0280 

.0892 

.0026 
.0026 
.0072 
.0026 
.0082 
.0024 
.0089 
.0088 
.0020 
.0086 
.0066 
.0086 
.0026 
.0080 
.0082 
.0026 
.0046 
.0020 
.0022 
.0083 
.0084 
.0029 
.0076 
.0026 
.0048 
.0058 
.0028 
.0087 
.0046 
.0040 
.0041 


.0018 
.0017 
.0069 
.0021 
.0080 
.0077 
.0047 
.0061 
.0028 
.0088 
.0067 
.0088 
.0017 
.0010 
.0044 
.0088 
.0088 
.0021 
.0017 
.0080 
.0088 
.0068 
.0044 
.0068 
.0026 
.0068 
.0064 
.0080 
.0080 
.0028 
.0088 
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Table  No.  6.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  Surface  WaUn, 
arranged  in  Order  of  Albuminoid  Ammonia— Concluded. 

[Parts  per  100,000.] 


Cttt  OB  Towv. 


Bouroe. 


Albuiiixoid  Ammonia. 


TOTAL. 


E 


i 


I 


1^ 


h 


I 

il 


IS 


1^ 


Metropolitan  Water  District, 

Cambridj^e, 

Gloucester, 

Winchester, 

Brockton, 

Cambridge, 

Holyoke,  . 

Nantacket, 

Lynn, 

North  Brookfleld, 

Lynn,       *        . 

Marlborongh,  . 

New  Bedford, . 

Cambridge, 

North  Brookfleld, 

x^ee,  ... 

Lynn, 

Lynn, 

Bockport, 

Springfield, 

Salem, 

Whitman, 

Leominster,    . 

Wayland, 

Winchester,     . 

Lynn, 

Athol, 

Barve, 


Framlngham  Reservoir  No.  S, 

Fresh  Pond,    .... 

Wallace  Beserrolr, 

North  Reservoir,    . 

Salisbury  Brook  Reservoir,  . 

Stony  Brook  Reservoir, 

Whiting  Street  Reservoir,     . 

Wannacomet  Pond, 

Birch  Reservoir, 

DoanePond 

Hawkes  Reservoir, 

Millham  Brook  Reservoir,    . 

Old  Storage  Reservoir,  . 

Lower  Hobbs  Brook  Reservoir, 

North  Pond,    .... 

Upper    Reservoir    on   Codding 

Brook. 
Walden  Reservoir, 

Glen  Lewis  Reservoir,  . 

Cape  Pond,     .... 

Lndlow  Reservoir, 

Longham  Reservoir, 

Hobart*s  Pond, 

Haynes  Reservoir, 

Snake  Brook  Reservoir, 

Middle  Reservoir,  . 

Sangus  River, 

Phillipston  Reservoir,  . 

Reservoir,   .... 


.0286 
.0S37 
.0289 
.0882 
.0888 
.0884 
.0887 
.0287 
.0840 
.0846 
.0248 
.0258 
.0264 
.0266 
.0871 
.0878 
.0886 
.0881 
.0801 
.0801 
.0809 
.0818 
.0819 
.0881 
.0828 
.0831 
.0884 
.0666 


0297 
0668 
0801 
0296 
0806 
0290 
0862 
0678 
0846 
0881 
0644 
0685 
0876 
0619 
0867 
0697 
0666 
0488 
0480 
1121 
0479 
0899 
0489 


0456 
0499 
0675 
0865 


.0672 
.0578 
.0884 
.0482 
.0886 
.0806 
.0514 
.1540 
.0488 
.0488 
.0484 
.0486 
.0580 
.0868 
.0444 
.0494 
.0444 
.0660 
.0584 
.2670 
.0575 
.0420 
.0575 
.0558 
.0698 
.0584 
.1800 
.0666 


.0034 
.0065 
.0060 
.0048 
.0086 
.0068 
.0069 
.0091 
.1)048 
.0047 

.UUIM 

.0057 
.0041 
.0045 
.0058 
.0069 
.0066 
.0084 
.0080 
.0180 
.0047 
.0041 
.0108 
.0087 
.0072 
.0087 
.0110 
.0070 


.0068 
.0058 
.0087 
.0040 
.0019 
.0080 
.0026 
.0067 
.0051 
.0065 
.0064 
.0054 
.0085 
.0029 
.0066 
.0070 
.0084 
.0068 
.0114 
.0042 
.0085 
.0067 
.0047 
.0045 
.0081 
.0060 
.0049 
.0100 


In  the  foregoing  table,  of  the  first  27  waters  in  which  the  average  albu- 
minoid ammonia  has  been  less  than  .0100  parts  per  100,000, 19  are  streams. 
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8  are  natural  ponds  —  viz.,  Lake  Pleasant  in  Montague,  Jonathan's  Pond 
in  Warebam  and  Long  Pond  in  Falmouth  —  and  5  are  artificial  storage 
reservoirs  —  Greenfield,  Hatfield,  Great  Barrington,  Northfield  and  the 
Mountain  Street  Reservoir  in  Northampton.  Three  of  these  reservoirs  — 
those  at  Hatfield,  Northfield  and  Great  Barrington  —  are  very  small,  while 
the  Mountain  Street  Reservoir  of  the  city  of  Northampton  is  new,  and  the 
analyses  cover  a  period  of  less  than  a  year.  On  the  other  hand,  among 
the  28  waters  at  the  foot  of  the  list  having  an  average  of  more  than  .0225 
of  a  part  per  100,000  of  albuminoid  ammonia,  there  are  no  streams  and 
only  two  natural  ponds,  —  Cape  Pond,  in  Rockport,  and  Fresh  Pond,  in 
Cambridge,  —  the  latter  being  supplied  chiefiy,  however,  with  water  from 
the  Stony  Brook  storage  reservoir.  With  these  exceptions  all  are  storage 
reservoirs,  all  but  one  of  which  —  Hawkes  Reservoir  at  Lynn  —  were 
formed  by  the  fiooding  of  areas  from  which  the  soil,  stumps  and  other 
organic  matter  were  not  removed.  Hawkes  Reservoir  receives  part  of  its 
water  from  the  highly  polluted  Saugus  River.  The  reservoir  which  stands 
at  the  foot  of  this  list  —  that  at  Barre  —  is  a  comparatively  small  one ;  and 
the  poor  quality  of  the  water  is  largely  due  to  the  fact  that  much  of  the 
water  which  enters  the  reservoir  is  spring  water,  which  deteriorates  rapidly 
on  exposure  to  light.  For  convenience  in  comparison,  this  table  has  been 
sub-divided  into  three  classes,  viz. :  (1)  streams ;  (2)  natural  ponds ;  (8) 
artificial  reservoirs. 

Table  No.  6.  —  AUmminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  Streams^ 

arranged  in  Order  of  AUmminoid  Ammonia. 

[Parte  per  100,000.] 


"■ 

AiAUMivouD  Ammonia. 

• 

it 

li 

Source. 

TOTAL. 

¥ 

r 

City  ob  Town. 

1 
1 

n 

< 

Hi 
ill 

Mjaimum  daring 
Fire  Tears. 

Great  Barrington,  . 

Green  BlTer 

.0081 

.0044 

.0060 

.0004 

.0012 

William  etc  wn, 

Paul  Brook,    . 

.00f» 

.0046 

.0064 

.0006 

.0006 

AdamB,    . 

Bassett  Brook, 

.0089 

.0064 

.0062 

.0006 

.0006 

Cheshire, 

Thunder  Brook, 

.0089 

.0048 

.0066 

.0004 

.0009 

Deerfleld, 

Roaring  Brook, 

.0089 

.0066 

.0060 

.0006 

.0009 

Chicopee, 

Morton  Brook, 

.0044 

.0069 

.0098 

.0006 

.0006 

Cheehire, 

Kitchen  Brook, 

.00R8 

.0090 

.0196 

.0028 

.0018 

Chester,   . 

Austin  Brook, 

.0066 

.0066 

.0068 

.0004 

.0006 

Longmeadow, 

Cooley  Brook, 

.0060 

.0079 

.0118 

.0016 

.0018 

Plttsfleld, 

Mill  Brook,     . 

.0069 

.0107 

.0224 

.0018 

.0011 

Northampton, . 

West  Brook,   . 

.0068 

.0168 

.0168 

.0012 

.0000 
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Table  No.  6.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  Streams^ 
arranged  in  Order  of  Albuminoid  Ammonia  —  Concluded. 

[Parts  per  100,000.] 


Sooroe. 

ALBVMiHom  Ammokia.    < 

I' 

TOTAX.. 

Suspended,    Arenige 
for  Five  Team. 

CXTT  OB  TOWV. 

< 

H 

-o^ 

1^^ 

Is 

Westfleld 

Tillotson  Brook,     .... 

.0070 

.0090 

.0108 

.0010 

.0011 

Pttufleld, 

Hathaway  Brook,  .... 

.0074 

.0100 

.0160 

.0006 

.0020 

North  Adams, 

Broad  Brook 

.OOffi 

.0146 

.0204 

.0012 

.0019 

EasUuimptOD, . 

Bassett  Brook,       .... 

.0089 

.0168 

.0278 

.0019 

.0011 

Dry  Brook, 

.OOM) 

.0129 

.0194 

.0010 

.OOIS 

Plttsfleld, 

Sacket  Brook,         .... 

.0008 

.0144 

.0810 

.0013 

.0024 

lieSf  •         •         . 

Codding  Brook,     .... 

.0086 

.0126 

.0166 

.0008 

.0014 

Lawrence, 

Merrimack  Rlyer,  filtered,    . 

.0007 

.0188 

.0172 

.0009 

.0124 

Mllfprd,  . 

Charles  RiTer,  filtered, 

.0100 

.0161 

.0168 

- 

.0018 

Hnntingtoii,     . 

Cold  Brook, 

.0126 

.0177 

.0190 

.0016 

.0016 

Holyoke,  . 

ManhanBlTer 

.0188 

.0106 

.0276 

.0022 

.0014 

Chloopee, 

Cooley  Brook,        .... 

.0188 

.0228 

.0686 

.0024 

.0019 

Pittsfleld, 

Ashley  Brook 

.0167 

.0216 

.0266 

.0022 

.0062 

Springfield, 

Ludlow  canal,        .... 

.0168 

.0276 

.0440 

.0026 

.002S 

Metropolitan  Water  District, 

Nashua  Riyer,^      .... 

.0168 

.0222 

.0606 

.0026 

.0021 

Lynn, 

SangnsBlyer 

.0881 

.0499 

.0684 

.0087 

.0060 

^  Affected  by  constmctlon  of  Wachnsett  Beseryolr. 


Table  No.  7,^  Albuminoid  Ammonia  and  Free  Ammonia  in  (Ae  WcUer  of  Lakes 
and  Ponds,  arranged  in  Order  of  Albuminoid  Ammonia. 

[Parts  per  100,000.] 


CRT  OB  TOWV. 


Soorce. 


Albumimoid  Ammonia. 


TOTAL. 


I 


il 


CO 


? 

► 

it 

I' 


Montague, 
Wareham, 
Falmonth, 


Lake  Pleasant, 
Jonathan's  Pond,  . 
Long  Pond, 


.0077 
.0096 
.0009 


.0098 
.0124 
.0127 


.0118 
.0200 
.0184 


.0011 
.0011 
.0009 


.0018 
.0011 
.0014 
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Table  No.  7. — Albuminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  Lakes 
and  Ponds,  arranged  in  Order  of  Albuminoid  Ammonia  —  CoDtinaed. 

[ParU  per  100,000.] 


Albumihoid  Ammohxa. 

5 

< 

1* 

Source. 

TOTAL. 

1^ 

C  ITT  OR  Toinr. 

Average  for  Five 
Tears. 

Hi 

5*^ 

Maximum  during 
Five  Tears. 

Maynard, 

White  Pond 

.0119 

.0162 

.0248 

.0019 

.0008 

Spencer,  . 

Shaw  Pond,    . 

.0126 

.0154 

.0188 

.0009 

.0018 

HiDgham, 

Accord  Pond, . 

.0128 

.0152 

.0180 

.0018 

.0010 

Concord,  . 

Sandy  Pond,  . 

.0181 

.0166 

.0210 

.0014 

.0011 

Brockton, 

Silver  Lake,    . 

.0186 

.0208 

.0286 

.0018 

.0010 

Fltchburg, 

Meetinghouse  Pond, 

.0186 

.0171 

.0196 

.0019 

.0016 

Bntland,  . 

MuBchopauge  Lake, 

.0186 

.0174 

.0250 

.0018 

.0028 

Peabody, . 

Spring  Pond,  . 

.0188 

.0150 

.0166 

.0026 

.0062 

Plymouth, 

Little  South  Pond, 

.0189 

.0169 

.0204 

.0019 

.0012 

Haverhill, 

Eenoza  Lake, 

.0149 

.0167 

.0176 

.0016 

.0018 

Hudson,  . 

Gates  Pond,    . 

.0161 

.0184 

.0280 

.0019 

.0028 

Andover, . 

Haggett*8  Pond,     . 

.0162 

.0171 

.0192 

.0012 

.0014 

Ablngton, 

Big  Sandy  Pond,    . 

.0157 

.0188 

.0226 

.0018 

.0022 

Stockbrldge, 

LakeAverlc,  . 

.0168 

.0200 

.0226 

.0028 

.0028 

Hayerhill, 

Pentncket  Lake,    . 

.0100 

.0186 

.0244 

.0019 

.0010 

Taunton, . 

Elder's  Pond, . 

.0100 

.0190 

.0206 

.0022 

.0011 

Haverhill, 

Johnson's  Pond,    . 

.0106 

.0200 

.0266 

.0016 

.0012 

Haverhill, 

Crystal  Lake, 

.0166 

.0192 

.0216 

.0019 

.0018 

New  Bedford, 

Little  Qulttacas  Pond, 

.0169 

.0196 

.0244 

.0022 

.0016 

Peabody, . 

Brown's  Pond, 

.0160 

.0201 

.0222 

.0027 

.0016 

Gardner,  . 

Crystal  Lake, . 

.0178 

.0210 

.0248 

.0028 

.0026 

Randolph, 

Great  Pond,    . 

.0174 

.0206 

.0286 

.0018 

.0012 

Norwood, 

Buckmaster  Pond, 

.0176 

.0284 

.0822 

.0080 

.0078 

Fall  River, 

North  Watuppa  Lake,  . 

.0180 

.0216 

.0262 

.0025 

.0018 

New  Bedford,. 

Great  Qulttacas  Pond, 

.0180 

.0208 

.0268 

.0026 

.0017 

Taunton, . 

• 

Assawompsett  Pond, 

.0183 

.0288 

.0640 

.0026 

.0021 

Natick,     . 

Dug  Pond, 

.0187 

.0218 

.0242 

.0024 

.0077 

Salem, 

Wenham  Lake, 

.0187 

.0268 

.0292 

.0089 

.0047 

Weymouth, 

Great  Pond,    . 

.0189 

.0214 

.0248 

.0020 

.0028 

North  Andovex 

'f 

Great  Pond,    . 

.0190 

.0228 

.0272 

.0026 

.0022 

Danvere,  . 

Middleton  Pond,    . 

.0198 

.0222 

.0250 

.0026 

.0017 

Springfield, 

Chapin  Pond, . 

.0198 

.0216 

.0254 

.0080 

.0010 
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Table  No.  7.  — Albuminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  Lakes 
and  Ponds,  arranged  in  Order  of  Albuminoid  Ammonia —  Concluded. 

[Parts  per  100,000.] 


ClTT  OB  TOWV. 


Source. 


Al.B17MUI0II>  AMMOHIA. 


TOTAL. 


s 


< 


I 


I 

I' 


Wakefield,       .       .       .       . 

Metropolitan  Water  District, 

Springfield, 

Flttsfield, 

Marlborough, 

Cambridge, 

Nantucket, 

Bockport, 


Cryatal  Lake, . 
Lake  Cocliltuate, 
Flye  MUe  Pond, 
Ashley  Lake, . 
Lake  WlUiams, 
Fresh  Pond,    . 
Wannacomet  Pond, 
Cape  Pond, 


.0196 
.0906 
.0210 
.0819 
.02S6 
.0827 
.0887 
.OSOl 


.0881 

.0860 

.0371 

.0808 

.0882 

.0664 

.0810 

.0612 

.0880 

.0892 

.0886 

.0878 

.0878 

.1640 

.0480 

.0684 

.0088 
.0068 
.0026 
.0046 
.0041 
.0056 
.0001 
.0090 


.OOU 
.0060 
.0068 
.0080 
.0022 
.0068 
.0067 
.0114 


Table  No.  8.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  Stor^ 
age  Beservoirs,  arranged  in  Order  of  Albuminoid  Ammonia. 

[Parts  per  100,000.] 


CiTT  OR  TOWH. 


Greenfield, 
Hatfield,  . 
Great  Harrington, 
Morthfield, 
Korthampton, . 
North  Adams, . 
Dalton,    . 
Worcester, 
Korthbrtdge,   . 
Lenox, 

Northampton, . 
South  Hadley, . 


Source. 


Glen  Brook  Beserrolr,  . 

Besereolr, 

East  Mountain  Beservoir, 

Beserrolr, 

Mountain  Street  Beserrolr, 

Notch  Brook  Beserrolr, 

Egypt  Brook  Beserrolr, 

Lower  Holden  Beserrolr, 

Cook  Alien  Beserrolr,  . 

Beserrolr, 

Middle  Beseryolr, . 

Buttery  Brook  Beservoir, 


Albumivoid  AMMOmA. 


TOTAL. 


t 


g 


«  9 

H 


I 

it. 


I 


I 

".2 

OQ 


.0088 

.0060 

.0072 

.0060 

.0182 

.0276 

.0075 

.0096 

.0106 

.0077 

.0118 

.0164 

.0090 

.0120 

.0122 

.0101 

.0161 

.0240 

.0110 

.0128 

.0168 

.0116 

.0149 

.0162 

.0119 

.0165 

.0192 

.0122 

.0178 

.0280 

.0127 

.0216 

.0860 

.0186 

.0180 

.0200 

.0002 
.0007 
.0020 
.0009 
.0017 
.0022 
.0016 
.0021 
.0018 
.0080 
.0084 
.0048 


\ 

< 


.0007 
.0016 
.0060 
.0006 
.0016 
.0047 
.0014 
.0083 
.0081 
.0016 
.0018 
.0089 
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Table  No.  8.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  Stor^ 
age  Reservoirs^  arranged  in  Order  of  Albuminoid  Ammonia —  Continued. 

[Parte  per  100,000.] 


City  ob  Town. 


Source. 


ALBUMiKom  Ammonia. 


TOTAL. 


i 


f 

I 


E 


I 

Is 


I 

ii 

•9s 


District, 
IMstrict, 
DlBtrlct, 


South  Hadley, 

Amherst, . 

Palmer,    . 

Leominster, 

Worcester, 

Worcester, 

Metropolitan  Water 

Metropolitan  Water 

Metropolitan  Water 

Holyoke, . 

Wllllamstown, 

Sonthbrldge,   . 

West  Springfield,    . 

Gloucester, 

Worcester, 

Fltchbnrg, 

Westfleld,       .       .       .       . 

Ipswich, 

Leominster 

Metropolitan  Water  District, 
Haverhill,       .       .       .       . 

Lynn, 

Metropolitan  Water  District, 
Hinsdale,         .       .       .       . 

Athol, 

Gloucester,  .  .  .  . 
Winchester,  .  .  .  . 
Northborough, 
Metropolitan  Water  District, 
Gloucester,  .  .  .  . 
Winchester,     .       .       .       . 


.       * 


Leaping  Well  Beserrolr, 
Amethyst  Brook  Beserrolr, 
Lower  Beservolr,  . 
Fall  Brook  Beserrolr,  . 
Leicester  Beservolr, 
Upper  Holden  Beservolr, 
Wachusett  Beservolr,  . 
Sudbury  Beservolr, 
Framlngham  Beservolr  No.  8, 
Wright  and  Ashley  Pond, 
Flora  Glen  Beservolr,  . 
Hatchet  Brook  Beservolr, 
Darby  Brook  Beservolr, 
Dike's  Brook  Beservolr, 
Kent  Beservolr, 
Scott  Beservolr, 
Montgomery  Beservolr, 
Dow's  Brook  Beservolr, 
Morse  Beservolr,  . 
Ashland  Beservolr, 
Mlllvale  Beservolr, 
Breed's  Beservolr, . 
Hopklnton  Beservolr, 
Storage  Beservolr, 
Buckman  Brook  Beservolr, 
Haskell  Brook  Beservolr, 
South  Beservolr,  . 
Lower  Beservolr,  . 
Framlngham  Beservolr  No.  2, 
Wallace  Beservolr,. 
North  Beservolr,    . 


.0138 
.0148 
.0148 
.0152 
.0168 
.0168 
.0164 
.0166 
.0166 
.0166 
.0168 
.0174 
.0180 
.0186 
.0188 
.0102 
.0102 
.0196 
.0196 
.0206 
.0207 
.0208 
.0210 
.0210 
.0212 
.0212 
.0214 
.0220 
.0226 


.0282 


.0196 

.0262 

.020] 

.0864 

.0200 

.0850 

.0184 

.0198 

.0181 

.0200 

.0227 

.0268 

.0192 

.0192 

.0207 

.0242 

.0206 

.0284 

.0216 

.0288 

.0249 

.0446 

.0261 

.0816 

.0266 

.0800 

.0241 

.0600 

.0276 

.0824 

.0266 

.0882 

.0246 

.0866 

.0269 

.0808 

.0240 

.0816 

.0242 

.0294 

.0248 

.0296 

.0209 

.0808 

.0267 

.0802 

.0299 

.0800 

.0828 

.0432 

.0868 

.0898 

.0260 

.0802 

.0296 

.0862 

.0297 

.0872 

.0801 

.0884 

.0296 

.0432 

.0046 
.0016 
.0026 
.0028 
.0021 
.0042 
.0081 
.0024 
.0026 
.0082 
.0048 
.0086 
.0072 
.0082 
.0083 
.0066 
.0086 
.0026 
.0046 
.0020 
.0022 
.0064 
.0029 
.0076 
.0048 
.0068 
.0028 
.0040 
.0024 
.0060 
.0048 


.0027 
.0021 
.0010 
.0018 
.0041 
.0026 
.0064 
.0062 
.0028 
.0026 
.0026 
.0026 
.0069 
.0080 
.0081 
.0067 
.0062 
.0022 
.0082 
.0021 
.0017 
.0080 
.0018 
.0044 
.0026 
.0068 
.0064 
.0020 
.0062 
.0067 
.0040 
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Table  No.  8.  —  Albuminoid  Ammonia  and  Free  Ammonia  in  the  Water  of  8tor» 
age  Reservoirs,  arranged  in  Order  of  Albuminoid  Ammonia-^  Concluded. 

[Parts  per  100,000.] 


Crrr  ob  Towh. 


Source. 


Albumhtoid  Ammohia. 


TOTAL. 


5 


n 


55 


Jl 

as 


9t 

I 


9f 

I' 


Brockton, 

Cambridge, 

Holyoke, . 

Lynn, 

North  Brookfleld, 

Lynn, 

Marlboroagh,  . 

New  Bedford, . 

Cambridge, 

North  Brookfleld, 


Lynn, 

Lynn, 

Springfleld, 

Salem, 

Whitman, 

Leominster, 

Wayland, 

Winchester, 

Athol, 

Barre, 


Salisbury  Brook  Beserrolr,  . 

Stony  Brook  Beserrolr, 

Whiting  Street  Beservoir,     . 

Birch  Reserroir, 

Doane  Pond 

Hawkes  Reservoir, 

MlUham  Brook  Beserrolr,    . 

Old  Storage  Beseryoir, . 

Lower  Hobbs  Brook  Reservoir, 

North  Pond 

Upper    Reservoir    on    Codding 

Brook. 
Walden  Reservoir,. 

Glen  Lewis  Reservoir,  . 

Lndlow  Reservoir, 

Longham  Reservoir, 

Hobart's  Pond, 

Haynes  Reservoir, 

Snake  Brook  Reservoir, 

Middle  Reservoir,  . 

Phillipston  Reservoir,  . 

Reservoir 


.0288 
.0284 
.0287 
.0246 
.0246 
.0248 
.0268 
.0264 
.0266 
.0271 
.0278 
.0286 
.0291 
.0801 
.0809 
.0318 
.0819 
.0821 
.0828 
.0884 
.0866 


.0808 
.0290 
.0862 
.0846 
.0881 
.0844 
.0886 
.0876 
.0819 
.0867 
.0897 
.0866 
.0488 
.1121 
.0479 
.0699 
.0429 
.0838 
.0466 
.0676 
.0866 


.0886 
.0806 
.0614 
.0482 
.0428 
.0424 
.0486 
.0660 
.0358 
.0444 
.0494 
.0444 
.0860 
.2670 
.0676 
.0420 
.0576 
.0668 
.0698 
.1800 
.0866 


.0036 
.0088 
.0069 
.0048 
.0047 
.0034 
.0067 
.0041 
.0046 
.0058 
.0069 
.0066 
.0084 
.0120 
.0047 
.0041 
.0108 
.0087 
.0072 
.0110 
.0070 


.0019 
.0080 
.0026 
.0061 
.0066 
.0084 
.0054 
.0086 
.0029 
.0066 
.0070 
.0084 
.0062 
.0042 
.0086 
.0067 
.0047 
.0046 
.0081 
.0049 
.0100 


The  quantity  of  free  ammonia  present  in  the  various  surface-water 
supplies  of  the  State  is,  for  the  most  part,  small,  and  its  presence  is  due 
to  various  causes.  Free  ammonia  is  a  characteristic  ingredient  of  sewage, 
and  in  sewage  polluted  waters  it  is  present  in  large  quantities ;  but  free 
ammonia  is  a  product  of  decay,  and  there  are  many  conditions  which 
cause  its  development  or  disappearance  in  surface  waters.  Some  of  the 
deeper  lakes  and  ponds  show  a  decided  increase  in  free  ammonia  in  the 
late  fall  or  early  winter,  due  to  the  accumulation  of  ammonia  during 
the  warm  weather  in  the  lower  stagnant  layers,   which  is  distributed 
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throughout  the  water  as  the  coming  of  cold  weather  puts  these  deeper 
layers  into  circulation.  In  ponds  and  reservoirs  in  which  there  are  ex- 
cessive growths  of  organisms,  such  as  the  Middle  Reservoir  at  Winchester, 
the  Barre  Reservoir  and  Cape  Pond,  Rockport,  free  ammonia  is  present 
frequently  in  large  quantity.  The  quantity  of  free  ammonia  present  in  the 
various  surface-water  supplies  is  given  in  Table  No.  9,  and  the  quantity  in 
the  streams,  ponds  and  reservoirs  separately  is  given  in  tables  Nos.  10,  11 
and  12. 

Table  No.  9,  — Free  Ammonia  in  Surface  Waters. 


[ParU  per  100,000.] 


Willlamstown,  Paul  Brook, 

.0008 

Adams,  BasaeU  Brook, 

.OOOfi 

Chester,  Aosttn  Brook, 

.  .0006 

Chlcopee,  Morton  Brook,    . 

.0006 

Northfleld,  reserTolr,  . 

.  .0006 

Greenfield,  Glen  Brook  Reservoir,    . 

.  .0007 

Maynard,  White  Pond, 

•              • 

.  .0008 

Cheshire,  Thunder  Brook, . 

•              • 

.  .0009 

Deerfleld,  Roaring  Brook, . 

•              • 

.  .0009 

Northampton,  West  Brook, 

•              • 

.  .0009 

Metropolitan  Water  District,  tap  in 

Qulncy 

.  .0010 

Brockton,  Silver  Lake, 

.  .0010 

HaverhlU,  Pentucket  Lake, 

.  .0010 

Hlngbam,  Accord  Pond,    . 

.  .0010 

Palmer,  LoVer  Reservoir, . 

.  .0010 

Springfield,  Chapln  Pond, . 

.  .0010 

Concord,  Sandy  Pond, 

.  .0011 

Eastbampton,  Bassett  Brook, 

.  .0011 

Plttofleld,  Mill  Brook, . 

.  .0011 

Taunton,  Elder's  Pond, 

.  .0011 

Wareham,  Jonathan's  Pond, 

.  .0011 

Westfield,  Tlllotson  Brook, 

.  .0011 

Great  Barrlngton,  Green  River, 

.  .0012 

Haverhill,  Johnson's  Pond, 

.  .0012 

Plymouth,  Little  South  Pond, 

.  .0012 

Randolph,  Great  Pond, 

.  .0012 

Adams,  Dry  Brook, 

,  .0018 

Cheshire,  Kitchen  Brook,  . 

.  .0018 

FaU  River,  North  Watuppa  Lake, 

.  .0018 

Haverhill,  Crystal  Lake,    . 

•                        9 

.  .0018 

Haverhill,  Kenoza  Lake,    . 

•                         • 

.  .0018 

.0018 
.0018 
.0018 


Leominster,  Fall  Brook  Reservoir,  . 
Northampton,  Middle  Reservoir, 
Spencer,  Shaw  Pond,  .... 
Metropolitan  Water  District,  tap  in 

Revere, 0014 

Andover,  Haggett's  Pond, 0014 

Dal  ton,  Egypt  Brook  Reservoir,  .  .0014 

Falmouth,  Long  Pond, 0014 

Holyoke,  Manhan  River, 0014 

Lee,  Codding  Brook 0014 

Metropolitan  Water  District,  tap  in 

State  House 0016 

Huntington,  Cold  Brook, 0016 

Lenox,  reservoir 0016 

Longmeadow,  Cooley  Brook,  .  .  .  .0016 
New  Bedford,  Little  Quittacas  Pond,       .  .0016 

Peabody,  Brown's  Pond 0016 

Fitchburg,  Meetinghouse  Pond,  .  .0016 

Hatfield,  reservoir 0016 

New  Bedford,  tap  in  City  Hall, .       .       .  .0016 
Northampton,    Mountain    Street    Reser- 
voir,   0016 

Danvers,  Mlddleton  Pond, 0017 

HaverhlU,  Mlllvale  Reservoir,   .  .  .0017 

New  Bedford,  Great  Quittacas  Pond,  .  .0017 
Metropolitan  Water  District,  Spot  Pond,  .0018 
Mllford,  Charles  River,  filtered,  .  .0018 

Montague,  Lake  Pleasant, 0018 

Brockton,  Salisbury  Brook  Reservoir,     .  .0019 

Chlcopee,  Cooley  Brook 0019 

North  Adams,  Broad  Brook,  .  .0019 

Pittsfield,  Hathaway  Brook,  .  .0020 
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Table  No.  9.  —  Free  Ammonia  in  Surface  W<Uer8  —  Continued, 

[Parts  per  100,000.] 


Metropolitan  Water  District,  Nashna 
River 0031 

Metropolitan  Water  District,  Ashland 
Beserroir, 0081 


Amherst,  Amethyst  Brook  Beserroir, 
Nortfabrldge,  Cook  Allen  Beservolr,. 
Tannton,  Assawompsett  Pond, . 
Ablngton,  Big  Sandy  Pond, 
Ipswich,  Dow's  Brook  Beservoir, 
Marlborough,  Lake  Williams,   . 
North  Andover,  Great  Pond,     . 
Worcester,  Lower  Holden  Reserroir, 
Metropolitan  Water  District,  Framing 

ham  Beservoir  No.  8,       .       .       . 
Bntland,  Maschopaage  Lake,    . 
Springfleld,  Ludlow  Canal, 
Stockbridge,  Lake  Averic,. 
Weymouth,  Great  Pond, 
Pittsfleld,  Sacket  Brook,    . 
Metropolitan  Water   District,  Chestnut 

Hill  Beservoir, 

Gardner,  Crystal  Lake, 
Holyoke,  Wright  and  Ashley  Pond, . 
Sonthbrldge,  Hatchet  Brook  Beservoir, 
Williamstown,  Flora  Glen  Beservoir, 
Worcester,  Upper  Holden  Beservoir, 
Athol,  Buokman  Brook  Beservoir,   . 
Holyoke,  Whiting  Street  Beservoir,  . 
South  Hadley,  Leaping  Well  Beservoir, 
Hudson,  Gates  Pond, .... 
Cambridge,  Lower  Hobbs  Brook  Beser 

voir, 

Northborough,  Lower  Beservoir, 
Metropolitan  Water  District,  Lake 

Cochltnate 

Cambridge,  Stony  Brook  Beservoir, . 
Gloucester,  Dike's  Brook  Beservoir, 
Lynn,  tap, 


.0021 
.0021 
.0021 
.0022 
.0022 
.0022 
.0022 
.0022 

.0028 
.0023 
.0028 
.0028 
.0028 
.0024 


.0025 
.0026 
.0025 
.0026 
.0026 
.0026 
.0026 
.0026 
.0027 
.0028 


.0029 
.0029 


.0060 
.0080 
.0080 
.0080 


Worcester,  Kent  Beservoir, 
Metropolitan  Water  District,  Framing 

ham  Beservoir  No.  2,       .       .       . 
Metropolitan  Water  District,    Sudbury 

Beservoir 

Leominster,  Morse  Beservoir,  . 
Westfleld,  Montgomery  Beservoir, 
Metropolitan  Water  District,  Hopklnton 

Beservoir,. 
Metropolitan  Water  District,  Wachusett 

Beservoir, 
Lynn,  Walden  Beservoir,  . 
Lynn,  Ha wkes  Beservoir, . 
New  Bedford,  old  storage  reservoir, 
Gloucester,  Wallace  Beservoir,. 
Nantucket,  Wannacomet  Pond,. 
Lynn,  Breed's  Beservoir,  . 
South  Hadley,  Buttery  Brook  Beservoir. 
Winchester,  North  Beservoir,   . 
Worcester,  Leicester  Beservoir, 
Springfleld,  Ludlow  Beservoir, . 
Hinsdale,  storage  reservoir, 
Wakefleld,  Crystal  Lake,   . 
Wayland,  Snake  Brook  Beservoir,    . 
Leominster,  Haynes  Beservoir, 
North  Adams,  Notch  Brook  Beservoir, 
Salem,  Wenham  Lake, 
Athol,  Phllllpston  Beservoir, 
Lynn,  Saugus  Blver,  . 
Lynn,  Birch  Beservoir, 
Pittsfleld,  Ashley  Brook,    . 
Cambridge,  Fresh  Pond,    . 
Gloucester,  Haskell  Brook  Beservdlr, 
Marlborough,  MlUham  Brook  Beservoir 
Winchester,  South  Beservoir,    . 
North  Brookfleld,  North  Pond,  . 
Fltchburg,  Scott  Beservoir, 
Whitman,  Hobart's  Pond,  . 


.0081 


.0082 


.0082 
.0082 
.0082 


.0088 


.0034 
.0084 
.0084 
.0086 
.0087 
.0087 
.0089 
.0089 
.0040 
.0041 
.0042 
.0044 
.0044 
.0046 
.0047 
.0047 
.0047 
.0049 
.0060 
.0061 
.0062 
.0053 
.0063 
.0054 
.0064 
.0066 
.0067 
.0067 
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Table  No.  9.—  Free  Ammonia  in  Surface  Waters—  Concluded. 

[Parts  per  100,000.] 


dpringfield,  Five  Mile  Pond,     .       .       .  .0058 
Oreat  fiarrlngton,  East  Mountain  Beser. 

yolr OOOO 

West  Sprlngfleld,  Darby  Brook  Reservoir,  .0000 
Lynn,  Glen  Lewis  Reserrolr,    .  .  .0068 

Peabody,  Spring  Pond, 0002 

North  Brookfleld,  Doane  Pdhd, .  .  .0066 

Lee,  Upper  Beserroir  on  Codding  Brook,  .0070 


Norwood,  Bnckmaster  Pond, 
Natick,  Dug  Pond, 
Plttsfleld,  Ashley  Lake,     . 
Winchester,  Middle  Beservoir, 
Salem,  Longham  Beservoir, 
Barre,  reserroir, 
Bockport,  Cape  Pond, 
Lawrence,  Merrimack  Biver,  filtered, 


.  .0078 

.  .0077 

.  .0060 

.  .0081 

.  .0066 

.  .0100 

.  .0114 

.  .0124 


Table  No.  IQ.—Free  Ammonia  in  the  Water  of  Streams. 

[Parte  per  100,000.] 


liVilllamstown,  Paul  Brook, 
Adams,  Bassett  Brook, 
Chester,  Austin  Brook, 
Chlcopee,  Morton  Brook,  . 
Cheshire,  Thunder  Brook, 
Deerfleld,  Roaring  Brook, 
Northampton,  West  Brook, 
Easthampton,  Bassett  Brook, 
Plttsfleld,  MUl  Brook, 
Westfleld,  Tillotson  Brook, 
Great  Barrington,  Green  Blver, 
Adams,  Dry  Brook, 
Cheshire,  Kitchen  Brook,  . 
Holyoke,  Manhui  River,    . 


.0008 

.0006 
.0006 
.0006 
.0009 

.0009 
.0009 
.0011 
.0011 
.0011 
.0012 
.0018 
.0013 
.0014 


Lee,  Codding  Brook, 0014 

Huntington,  Cold  Brook, 0016 

Longmeadow,  Cooley  Brook,    .  .  .0016 

Milford,  Charles  Blver,  filtered,  .  .0018 

Chlcopee,  Cooley  Brook, 0019 

North  Adams,  Broad  Brook,     .  .  .0019 

Plttefield,  Hathaway  Brook,     .  .  .0080 

Metropolitan  Water  District,  Nashua 

River,* 0021 

Springfield,  Ludlow  Canal,  .  .0028 

Plttefield,  Sacket  Brook,     .       .  .  .0024 

Lynn,  Saugns  Biver,t 0060 

Pittsfield,  Ashley  Brook,t 0062 

Lawrence,  Merrimack  Biver,  filtered,!    .  .0184 


Table  No.  11.  —  Free  Ammonia  in  the  Water  of  Lakes  and  Ponds, 

[Parts  per  100,000.] 

Wareham,  Jonathan's  Pond,  .  .0011 

Haverhill,  Johnson's  Pond,       .  .  .0012 

Plymouth,  Little  South  Pond 0012 

Randolph,  Great  Pond, 0012 

Fall  River,  North  Watuppa  Lake,  .  .0018 

Haverhill,  Crystel  Lake, 0018 

Haverhill,  Kenoza  Lake, 0018 

*  Alfected  by  construction  of  Wachusett  Reservoir. 
t  Free  ammonia  due  to  sewage  pollution. 
X  This  stream  is  fed  largely  by  water  drawn  from  Ashley  Lake. 

§  Probably  derived  in  part  from  the  pollution  of  the  river  water  by  sewage  and  in  part  from 
ground  water,  which  enters  the  filtered  water  well. 


Maynard,  White  Pond, 

.  .0006 

Brockton,  Silver  Lake, 

.  .0010 

Haverhill,  Pentucket  Lake, 

.  .0010 

Hingham,  Accord  Pond, 

.  .0010 

Springfield,  Chapln  Pond, 

.  .0010 

Concord,  Sandy  Pond, 

.  .0011 

Taunton,  Elder's  Pond, 

.  .0011 
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Table  No.  11. — Free  Ammonia  in  the  Water  of  Lakes  and  Ponds ^  Concluded. 

[Parts  per  100,000.] 


Spencer,  Shaw  Pond,  . 
AndoTer,  Haggett's  Pond, 
Falmouth,  Long  Pond, 
New  Bedford,  Little  Qaittacas  Pond 
Peabody,  Brown's  Pond,   . 
Fltohburg,  Meetinghouse  Pond, 
Danvers,  Middleton  Pond, . 
New  Bedford,  Great  Quittacaa  Pond, 
Montague,  Lake  Pleasant, 
Taunton,  Assawompsett  Pond, 
Ahlngton,  Big  Sandy  Pond, 
Marlborough,  Lake  Williams,  . 
North  Andover,  Oreat  Pond,     . 
Butland,  Muschopauge  Lake,    . 
Stockbridge,  Lake  Averic, 


.  .0018 

.  .0014 

.  .0014 

.  .0015 

.  .0015 

.  .0016 

.  .0017 

.  .0017 

.  .0018 

.  .0021 

.  .0022 

.  .0022 

.  .0022 

.  .0028 

.  .0028 


Weymouth,  Oreat  Pond, 
Gardner,  Crystal  Lake, 
Hudson,  Gates  Pond, . 
Metropolitan  Water  District, 

chltuate,    .... 
Nantucket,  Wannacomet  Pond, 
Wakefield,  Crystal  Lake,   . 
Salem,  Wenham  Lake, 
Cambridge,  Fresh  Pond, 
Springfield,  Flye  Mile  Pond, 
Peabody,  Spring  Pond, 
Norwood,  Buckmaster  Pond, 
Natick,  Dug  Pond, 
Pittofield,  Ashley  Lake, 
Bockport,  Cape  Pond, 


Lake 


.0028 
.0025 
.0028 


Co. 


Table  No.  12.  —  Free  Ammonia  in  the  Water  of  Storage  Beservoirs. 

[Parts  per  100,000.] 


Northdeld,  reservoir, 0006 

Greenfield,  Glen  Brook  Beserroir,    .       .  .0007 

Palmer,  Lower  Reeeryoir, 0010 

Leominster,  Fall  Brook  Reservoir,  .  .  .0018 
Northampton,  Middle  Beservolr,  .  .0018 

Dalton,  Egypt  Brook  Beaervoir,  .  .0014 

Lenox,  reservoir, 0015 

Hatfield,  reservoir 0016 

Northampton,    Mountain    Street   Beser. 

voir 0016 

Haverhill,  Millvale  Beservolr,  .  .  .  .0017 
Brockton,  Salisbury  Brook  Beservolr,  .  .0019 
Metropolitan   Water   District,   Ashland 

Beservolr 0021 

Amherst,  Amethyst  Brook  Beservolr,  .  .0021 
Northbridge,  Cook  Allen  Beservolr,.  ..0021 
Ipswich,  Dow's  Brook  Beservolr,  .  .0022 
Worcester,  Lower  Holden  Beservolr,  .  .0022 
Metropolitan  Water  District,  Framing- 
ham  Beservolr  No.  3, 0023 

Holyoke,  Wright  and  Ashley  Pond, .  .  .0025 
Southbridge,  Hatchet  Brook  Beservolr,   .  .0025 


.0080 
.0087 
.0044 
.0047 
.0058 
.0068 
.0062 
.0078 
.0077 
.0060 
.0114 


Williamstown,  Flora  Glen  Beservolr, 

Worcester,  Upper  Holden  Beservolr, 

Athoi,  Buckman  Brook  Beservolr,    . 

Holyoke,  Whiting  Street  Beservolr, . 

South  Hadley,  Leaping  Well  Beservolr,  . 

Cambridge,  Lower  Hobbs  Brook  Beser- 
volr,   

Northbridge,  Lower  Beservolr, . 

Cambridge,  Stony  Brook  Beservolr, . 

Gloucester,  Dike's  Brook  Beservolr, 

Worcester,  Kent  Beservolr, 

Metropolitan  Water  District,  Framing- 
ham  Beservolr  No.  2 

Metropolitan  Water  District,  Sudbury 
Beservolr, 

Leominster,  Morse  Beservolr,  . 

Westfield,  Montgomery  Beservolr,  . 

Metropolitan  Water  District,  Hopkinton 
Reservoir, 

Metropolitan  Water  District,  Wachusett 
Beservolr, 

Lynn,  Walden  Beservolr,  .... 


.0025 
.0025 
.0026 
.0026 
.0027 


.0029 
.0029 
.0060 
.0080 
.0031 

.0082 


.0032 
.0082 
.0082 


.0033 


.0084 
.0084 
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Table  No.  12.  —  Free  Ammonia  in  the  Water  of  Storage  Reservoirs  —  Concluded. 

[Parts  per  100,000.] 


Lynn,  Hawkes  Reservoir, 0034 

New  Bedford,  old  storage  reaeryolr,.  .  .0085 
Gloucester,  Wallace  Reservoir,  .       .       .  .0067 

Lynn,  Breed's  Reservoir, 008B 

Sonth  Hadley,  Battery  Brook  Reservoir,.  .0089 
Winchester,  North  Reservoir,    .  .  .0040 

Worcester,  Leicester  Reservoir,  .  .0041 

Springfield,  Lndlow  Reservoir 0042 

Hinsdale,  storage  reservoir,  .  .  .  .0044 
Way  land,  Snake  Brook  Reservoir,  .  .  .0045 
Leominster,  Haynes  Reservoir,.  .  .  .0047 
North  Adams,  Notch  Brook  Reservoir,  .  .0047 
Athol,  Phillipston  Reservoir,    .       .        .  .0049 

Lynn,  Birch  Reservoir, 0061 

Gloucester,  Haskell  Brook  Reservoir,      .  .0053 


Marlborough,  Millham  Brook  Reservoir, .  .0054 
Winchester,  South  Reservoir,    .       .       .  .0054 

North  Brookfleld.  North  Pond 0056 

Fltchburg,  Scott  Reservoir 0067 

Whitman,  Hobart's  Pond, 0067 

Great  Barrington,  East  Mountain  Reser- 
voir,   0050 

West  Springfield,  Darby  Brook  Reservoir,  .  0O59 
Lynn,  Glen  Lewis  Reservoir,    .  .  .0062 

North  Brookjield,  Doane  Pond,.  .  .  .0065 
Lee,  Upper  Reservoir  on  Codding  Brook , .  .  0070 
Winchester,  Middle  Reservoir,  .  .  .0061 

Salem,  Longham  Reservoir 0085 

Barre,  reservoir 0100 


Odors  of  Surface  Waters. 

Practically  all  surface  waters  have  at  times  a  noticeable  odor.  The  odors 
of  the  waters  of  unpolluted  streams  derived  from  a  country  for  the  moat 
part  free  from  swamps  are  generally  slight,  and  where  such  waters  are 
passed  through  a  i*eservoir  of  small  capacity  in  proportion  to  the  flow  of 
the  stream  they  may  be  nearly  always  odorless.  Waters  derived  from 
swampy  areas  usually  have  a  noticeably  vegetable  odor.  The  waters  of 
nearly  all  ponds  and  storage  reservoirs  are  affected  at  times  by  growths 
of  organisms  which  give  to  the  water  noticeable  tastes  and  odors,  which 
are  sometimes  unpleasant  or  disagreeable.  The  waters  of  some  ponds  are 
affected  in  this  way  only  slightly  and  at  infrequent  intervals.  In  other 
cases  the  waters  are  affected  at  certain  seasons  of  the  year,  though  not  in 
every  year,  while  in  a  few  cases  the  waters  are  affected  in  every  year  in 
a  more  or  less  serious  degree.  Some  of  the  waters  are  so  badly  affected 
by  disagreeable  taste  and  odor  that  they  are  at  times  unfit  for  domestic 
use. 

In  the  following  table  the  waters  of  the  various  sources  are  grouped  in 
accordance  with  the  frequency  and  intensity  of  the  odors  which  have  been 
recorded  from  the  observations  of  the  past  five  years.  For  convenience, 
the  groups  have  been  divided  so  as  to  show  the  comparative  odors  of  the 
waters  of  streams,  ponds  and  artificial  storage  resei-voirs. 
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Table  No.  13.  —  Odort  of  Surface  Waters. 

Group  I.  —  Wattri  wAieft  are  Odorlat  or  wMeh  have  Occational  Faint  Odori. 


City  ok  Toww. 

Boiiroe. 

City  or  Town. 

Source. 

Adams, 

Bassett  Brook. 

Milford, 

Charles  River,  filtered. 

Adams, 

Dry  Brook. 

North  Adams, 

Broad  Brook. 

Brockton^ 

SUyer  Lake. 

North  Adams, 

Notch  Brook  Reservoir. 

Cheshire,     . 
Cheshire, 

Kitchen  Brook. 
Thnnder  Brook. 

Northampton, 
Northampton, 

Mountain  Street  Reser- 

voir. 
West  Brook. 

Chester, 

Austin  Brook. 

North  field,   . 

Reservoir. 

Chicopee,     . 

Morton  Brook. 

PliUfleld, 

Ashley  Brook. 

Dalton, 

Egypt  Brook  Beservolr. 

Pittsfleld, 

Hathaway  Brook. 

Deerfield,     . 

Roaring  Brook. 

Pittsfleld, 

MIU  Brook. 

Easthampton, 

Bassett  Brook. 

Pittsfleld,     . 

Sacket  Brook. 

FalmoaAi,    > 

Long  Pond. 

Rutland, 

Muschopauge  Lake. 

Great  Barrlngton, 
Great  Barrlngton, 

East  Mountain  Reser- 
voir. 
Green  River. 

Spencer, 
Westfleld,    . 

Shaw  Pond. 
Tlllotson  Brook. 

Greenfield,  . 

Glen  Brook  Reservoir. 

Wllllamstown,     . 

Flora  Glen  Reservoir. 

Huntington, 

Cold  Brook. 

Willlamstown,     . 

Paul  Brook. 

Lee,      •       •       •       • 
Longmeadow, 

Codding  Brook. 
Cooley  Brook. 

Worcester,  . 

Lower   Holden    Reser- 
voir. 

Group  II.—  Waiert  which  art  utwdly  Odarlesa  but  have  occationally  a  DUtinct  and  at  Times  an 

Unpleasant  Odor, 


Metropolltai 
District. 

Metropolitan 
District. 

Amherst, 

Andover, 

I   W 

I  w 

ater 
ater 

Nashua  River. 

Sudbary  Reservoir. 

Amethyst  Brook  Reser- 
voir. 
Raggett's  Pond. 

Holyoke, 
Hudson, 
juoe,      • 
Lenox, . 

Manhan  River. 

Gates  Pond. 

Upper    Reservoir    on 

Codding  Brook. 
Reservoir. 

Athol,  . 
Barre,  ■ 

Buckman  Brook  Reser- 
voir. 
Reservoir. 

Lynn,   . 
Maynard, 

Ilawkes  Reservoir. 
White  Pond. 

Chicopee, 

Cooley  Brook. 

Montague,    . 

Lake  Pleasant. 

Concord, 

Sandy  Pond. 

New  Bedford, 

Little  Qulttacas  Pond. 

Fall  River,  . 

North  Watuppa  Lake. 

Northampton, 

Middle  Reservoir. 

Fitchhurg,    . 

Meetinghouse  Pond. 

North  Andover,  . 

Great  Pond. 

Gardner, 

Crystal  Lake. 

Northbrldge, 

Cook  Allen  Reservoir. 

Hatfield, 

Reservoir. 

Palmer, 

Lower  Reservoir. 

HaverhUl,    . 

Crystal  Lake. 

Pittsfleld,     . 

Ashley  Lake. 

Haverhill,    . 

Johnson's  Pond. 

Plymouth,    . 

Little  South  Pond. 

Haverhill,    . 

Pentucket  Lake. 

Randolph,    . 

Great  Pond.  * 

Hlngham, 

Accord  Pond. 

Sonthbrldge, 

Hatchet  Brook  Reser- 
voir. 
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Table  No.  18.—  Odors  of  Surface  Waters —Continned. 

GSOUP  II. —  WeUen  which  are  uaiuUly  Odorlesi  imt  have  oceasionaUy  a  Distinct  and  at  Times  an 

Unpleasant  Odor— Concluded. 


CiTT  OK  Town. 

Source. 

Crrr  oa  Toww. 

Source. 

South  Hadley,     . 
Taunton, 
Taunton, 
Wareham,    . 

Leaping  Well  Reservoir. 
Elder's  Pond. 
Assawompsett  Pond. 
Jonathan's  Pond. 

Westfleld,    . 
Worcester,  . 
Worcester,   . 
Worcester,  . 

Montgomery  Reservoir. 

Kent  Reservoir. 

Upper  Holden   Reser. 

voir. 
Leicester  Reservoir. 

Group  III.~  ffdters  which  have /^equently  a  NoticeabU  and  at  Times  a  Distinct  or  Unpleasant 

Odor, 


Metropolitan  Water 

District, 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
AblDgfton, 

Cambridge, 

Danvers, 

Fltchbnrg, 

Gloucester, 

Haverhill, 

Haverhill, 

Holyoke, 

Ipswich, 


Wachusett  Reservoir. 
Lake  Cochltuate. 

Framlngham  Reservoir 

No.  2. 
Framlngham  Reservoir 

No.  8. 
Ashland  Reservoir. 

Hopklnton  Reservoir. 

Big  Sandy  Pond. 

Lower    Hobbs    Brook 

Reservoir. 
Mlddleton  Pond. 

Scott  Reservoir. 

Haskell  Brook  Reser- 
voir. 
Mill  vale  Reservoir. 

Kenoza  Lake. 

Wright  and   Ashley 

Pond. 
Dow's  Brook  Reservoir. 


Lawrence,    . 
Leominster, 
Leominster, 
New  Bedford, 
North  Brookfleld, 
Norwood,     . 
Peabody, 
Peabody, 
Salem,  . 
South  Hadley, 
Springfield,  . 
Springfield, . 
Stockbrldge, 
Wakefield,  . 
Weymouth,  . 


Merrimack  River,   fil- 
tered. 
Fall  Brook  Reservoir. 

Morse  Reserved. 

Great  Qulttacas  Pond. 

North  Pond. 

Buckmaster  Pond. 

Brown's  Pond. 

Spring  Pond. 

Wenham  Lake. 

Buttery  Brook  Reser- 

votr. 
Five  Mile  Pond. 

Chapln  Pond. 

Lake  Averic. 

Crystal  Lake. 

Great  Pond. 


Group  IV.—  Waters  which  have  generally  a  Noticeable  Odor  which  is  frequently  Unpleasant  or 

Disagreeable. 


Brockton,     . 
Cambridge, . 

Salisbury  Brook  Reser. 

voir. 
Fresh  Pond. 

Marlborough, 
Nantucket,   . 

MlUham  Brook  Reser- 
voir. 
Wannacomet  Pond. 

Cambridge,  . 

Stony  Brook  Reservoir. 

Natick, .... 

Dug  Pond. 

Gloucester,  . 

Wallace  Reservoir. 

New  Bedford, 

Old  storage  reservoir. 

Gloucester,  . 

Holyoke, 

Leominster, 

Dike's    Brook    Reser 

voir. 
Whiting  Street  Reser- : 

voir. 
Haynes  Reservoir. 

{  Northborough,     . 
North  Brookfield, 
Rockport,     . 

Lower  Reservoir. 
Doane  Pond. 
Cape  Pond. 

Lynn,   .... 

Birch  Reservoir. 

,  Wayland, 

Snake  Brook  Reservoir. 

Lynn 

Breed's  Reservoir. 

Winchester, 

North  Reservoir. 

Lynn,   .... 

Saugus  River.                 I 

1 

Winchester, 

South  Reservoir. 

Marlborough, 

Lake  Williams. 

1 

1 
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Table  No.  13.  —  Odors  of  Surface  Waters  —  Concluded. 

6BOUP  v.  —  Watert  which  have  generally  a  Strong  and  frequently  an  Unpleatant  or  Disagreeable 

Odor. 


City  ok  Toww. 

Source. 

Cmr  OK  TowH. 

Source. 

Athol,  .... 

PhilUpBton  ReBervotr. 

SprlDg^eld, . 

Ludlow  Reservoir. 

HlDsdale,     . 

Storage  Reservoir. 

Springfield, . 

Ludlow  Canal. 

L^nn,   .... 

Walden  Beservolr. 

West  Springfield, 

Darby  Brook  Reservoir. 

Ljnn,  .... 

Glen  Lewis  Reaerrolr. 

Whitman, 

Hobart*s  Pond. 

Salem,  .... 

Longham  Reaervoir. 

Winchester, 

Middle  Reservoir. 

Table  No.  14.—  Odors  of  the  Water  of  Streams, 

GSOUP  I.—  Watere  which  are  Odorleee  or  which  have  Occaeional  Faint  Odora. 


Cmr  OK  Town. 

Source. 

CiTT  OB  TOWK. 

Source. 

Adams, 

Basaett  Brook. 

Longmeadow, 

Cooley  Brook. 

Adams, 

Dry  Brook. 

Mllford, 

Charles  River,  nitered. 

Cheshire, 

Kitchen  Brook. 

North  Adams, 

Broad  Brook. 

Cheshire, 

Thunder  Brook. 

Northampton, 

West  Brook. 

Chester, 

Austin  Brook. 

Pittsaeld,     . 

Ashley  Brook. 

Chicopee, 

Morton  Brook. 

PlttBfleld,     . 

Hathaway  Brook. 

Deerfleld, 

Roaring  Brook. 

Plttslleld,     . 

Mill  Brook. 

Easthampton, 

Bassett  Brook. 

Pittsfleld,     . 

Sacket  Brook. 

Great  Barrtngton, 

Green  River. 

Westfleld,    . 

Tlllot!9on  Brook. 

Huntington, 

Cold  Brook. 

WiUlamstown,    . 

Paul  Brook. 

Lee,      .... 

Codding  Brook. 

Group  II. —  Watere  which  are  usually  Odorless  but  hare  occasionally  a  Distinct  and  tit  Times  an 

Unpleasant  Odor. 


Metropolitan  Water 

District. 
Chicopee,     . 


Nashua  River. 
Cooley  Brook. 


Holyoke, 


Munhan  River. 


Group  III.—  Waters  which  have  frequently  a  Noticeable  and  at  Times  a  Distinct  or  Unpleasant 

Odor. 


Group  IV.—  Waters  which  have  generally  a  Noticeable  Odor  which  is  frequently  Unpleasant  or 

Disagreeable. 
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Table  No.  14.  —-  Odors  of  the  Water  of  Streams  —  Concluded. 

Group  V.  —  Waiera  which  have  generaUp  a  Strong  arid  frtquently  an  UnpUa$ant  or  Disagreeable 

Odor. 


City  ok  Towx. 

Bonroe. 

Cmr  OB  Town. 

Sooroe. 

Springfield, . 

Ludlow  Canal. 

- 

- 

Table  No.  15.  —  Odors  of  the  Water  of  Lakes  and  Ponds. 

Oboup  I.—  Waters  which  are  Odorless  or  which  have  Occasional  Faint  Odors. 


CiTT  OK  TOWK. 

Source. 

CiTT  OK  Town. 

Source. 

Brockton,     . 
Falmouth,    . 

Silver  Lake. 
Long  Pond. 

Rutland, 
Spencer, 

Muschopauge  Lake. 
Shaw  Pond. 

Gboup  II.  —  Waters  which  are  uswMy  Odorless,  but  Itare  occasionallg  a  Distinct  and  at  Times  an 

Unpleasant  Odor. 


Andover, 

Haggett's  Pond. 

Maynard,     . 

White  Pond. 

Concord, 

Sandy  Pond. 

Montague,    . 

Lake  Pleasant. 

Fall  River, 

North  Watuppa  Lake. 

New  Bedford, 

Little  Quittacas  Pond. 

Fltchburg, 

Meetinghouse  Pond. 

North  Andover,  . 

Great  Pond. 

Gardner, 

Crystal  Lake. 

Pittsfleld,     . 

Ashley  Lake. 

Haverhill,    . 

Crystal  Lake. 

Plymouth,    . 

LiUle  South  Pond. 

Haverhill,    . 

Johnson's  Pond. 

Randolph,    . 

Great  Pond. 

Haverhill,    . 

Pentucket  Lake. 

Taunton, 

Elder's  Pond. 

Hingham, 

Accord  Pond. 

Taunton, 

Assawompsett  Pond. 

Hudson, 

Gates  Pond. 

Warehara,    . 

Jonathan's  Pond. 

Gboup  III.—  Wetter s  which  Jtave /frequently  a  Xoticeable  and  at  7\mes  a  Distinct  or  Unpleasant 

Otlor. 


Metropolitan   Water 

District. 
Ablngton,    . 

Lake  Cochituate. 
Big  Sandy  Pond. 

Peabody, 

Salem 

Spring  Pond. 
Wenham  Lake. 

Danvers, 

Middleton  Pond. 

Springfield, . 

Five  Mile  Pond. 

Haverhill,    . 

Kenoza  Lake. 

Springfield, . 

Chapin  Pond. 

New  Bedford, 

Great  Quittacas  Pond. 

Stookbridge, 

Lake  Averic. 

Norwood,     . 

Buckmaster  Pond. 

Wakefield,   . 

Crystal  Lake. 

Peabody, 

Brown's  Pond. 

Weymouth, . 

Great  Pond. 

No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 


149 


Table  No.  16.—  Odors  of  the  Water  of  Lakes  and  Ponds  —  Concluded. 

Group  IV.  —  ffatert  which  have  generally  a  Noticeable  Odor  whU^  it  frequently  Unpleasant  or 

Disagreeable. 


CiTT  OK  Town. 

Source. 

CiTT  OB  Toms. 

Source. 

Cambridc^,  . 
Marlborough, 
Nantucket,  • 

Fresh  Pond. 
Lake  Williams. 
Wannacomet  Pond. 

Natick, .... 
Rockport, 

Dug  Pond. 
Cape  Pond. 

Table  No.  16. —  Odors  of  the  Water  of  Storage  Reservoirs, 

Group  I.—  Waters  which  are  Odorless  or  which  have  Occasional  Faint  Odors. 


City  ob  Towh. 

Source. 

Crrr  ob  Town. 

Souroe. 

Dalton, 

Great  Harrington, 
Greenfleld,  . 
North  Adams, 

Egypt  Brook  Beservoir. 

East  Mountain  Beser- 
voir. 
Glen  Brook  Beservoir. 

Notch  Brook  Beservoir. 

Northampton, 
Northfleld,   . 
Williamstown, 
Worcester,  . 

Mountain  Street  Reser- 
voir. 
Reservoir. 

Flora  Glen  Reservoir. 

Lower  Holden    Beser- 
voir. 

Group  II.—  Waters  which  are  Usually  Odorless  but  have  occasionally  a  Distinct  and  at  Times  an 

Unpleasant  Odor. 


Metropolitan 

District. 
Amherst, 

Wi 

fiter 

Athol,   . 

Barre,  . 

HatAeld, 

Lee,      . 

Lenox, 

Lynn,  . 

Northampton, 

Sudbury  Beservoir. 

Amethyst  Brook  Reser- 
voir. 

Buckman  Brook  Reser- 
voir. 

Reservoir. 

Reservoir. 

Upper    Reservoir    on 

Codding  Brook. 
Reservoir. 

Hawkes  Reservoir. 

Middle  Reservoir. 


Northbrldge, 
Palmer, 
Southbridge, 
South  Hadley, 
Westfleld,  . 
Worcester,  . 
Worcester,  . 
Worcester,  . 


Cook  Allen  Reservoir. 
Lower  Reservoir. 

Hatchet  Brook  Reser- 
voir. 

Leaping  Well   Reser- 
voir. 

Montgomery  Reservoir. 

Kent  Reservoir. 

Upper  Holden   Reser- 
voir. 
Leicester  Reservoir. 


Group  III.~  Waters  which  have  frequently  a  Noticeable  and  at  times  a  Distinct  or  Unpleasant 

Odor. 


Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Metropolitan  Water 

District. 
Cambridge,  • 

Fltchburg,    . 

Gloucester,  . 


Wachusett  Reservoir. 

Framlngham  Reservoir 

No.  2. 
Framlngham  Reservoir 

No.  8. 
Ashland  Reservoir. 

Hopklnton  Reservoir. 

Lower    Hobbs    Brook 

Reservoir. 
Scott  Reservoir. 

Haskell  Brook  Reser- 
voir. 


Haverhill,    . 

Holyoke, 

Ipswich, 

Leominster, 

Leominster, 

North  Brook  field. 

South  Hadley,     . 


Mlllvale  Reservoir. 

Wright     and    Ashley 

Pond. 
Dow's  Brook  Reservoir. 

Fall  Brook  Reservoir. 

Morse  Reservoir. 

North  Pond. 

Buttery   Brook    Reser- 
voir.' 
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Table  No.  16.  —  Odors  of  the  Water  of  Storage  Reservoirs  —  Concluded. 

Group  IV.—  Water  $  which  hare  generallp  a  Noticeable  Odor  which  is  frequently  Unpleasant  or 

Disagreeable. 


City  oa  Town. 

Source. 

City  ok  Towk. 

Source. 

Brockton,     . 
Cambridge,  . 

Salisbury  Brook  Reser- 
voir. 
Stony  Brook  Reservoir. 

Marlborough, 
New  Bedford,      . 

Millham    Brook  Reser- 
voir. 
Old  Storage  Reservoir. 

Gloucester,  . 

Wallace  Reservoir. 

Northborough, 

Lower  Reservoir. 

Gloucester,  . 

Dike's  Brook  Reservoir. 

North  Brookfleld, 

Doane  Pond, 

Holyoke, 
Leominster, 

Whiting  Street  Reser- 
voir. 
Haynes  Reservoir. 

Wayland, 
Winchester, 

Snake  Brook  Reservoir. 
North  Reservoir. 

Lynn,   .... 

Birch  Reservoir. 

Winchester, 

South  Reservoir. 

Lynn 

Breed's  Reservoir. 

Gboup  v.  —  Waters  which  have  generally  a  Strong  and  frequently  an  Unpleasant  or  Disagreeable 

Odor. 


Athol,   .... 

PhUlipston  Reservoir. 

Springfield, . 

Ludlow  Reservoir. 

Hinsdale, 

Storage  Reservoir. 

West  Springfield, 

Darby  Brook  Reservoir. 

Lynn,  .... 

Walden  Reservoir. 

Whitman,     . 

Hobart's  Pond. 

Lynn,   .... 

Glen  Lewis  Reservoir. 

Winchester, 

Middle  Reservoir. 

Salem 

Longham  Reservoir. 

Color  op  Surface  Waters. 

The  contact  of  surface  waters  with  vegetation  enables  them  to  take  up 
coloring  matter  from  the  leaves,  grasses,  peat,  etc.,  and  long  contact  with 
vegetable  matter  in  swamps  imparts  to  some  of  the  waters  a  very  high 
color.  Practically  all  of  the  surface  waters  used  as  sources  of  water  sup- 
ply in  the  State  are  more  or  less  colored  by  vegetable  matter.  Waters 
derived  from  steep  water-sheds,  such  as  those  of  the  mountain  streams  in 
the  westerly  part  of  the  State,  are  for  the  most  part  nearly  colorless,  as 
are  also  the  waters  of  streams  which  are  fed  largely  by  springs.  The 
waters  of  some  ponds  and  reservoirs,  though  receiving  through  their  trib- 
utary streams  waters  having  a  high  color,  are  nearly  colorless,  the  color 
having  been  removed  from  the  water  by  bleaching  chiefly,  due  to  exposure 
to  sunlight  for  a  long  period. 

The  following  table.  No.  17,  gives  the  average  color  of  the  various 
water  supplies  in  the  State  in  the  last  five  years ;  and  for  convenience, 
this  table  has  also  been  divided  so  as  to  show  the  comparative  color  of  the 
waters  of  streams,  natural  ponds  and  storage  reservoirs  (Tables  18-20). 
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Table  No.  17.—  Color  of  Surface  Waters, 

[Pai-ts  per  100,000.] 


Falmouth,  Long  Pond,  .       .       .0.00 

Cheshire,  Thunder  Brook 0.01 

Cheshire,  Kitchen  Brook,  ....  0.01 
Great  Barrington,  Green  River,  .  .  .  0.01 
Plymouth,  Little  South  Pond,  .  .  .0.01 
Adams,  Bassett  Brook,  .       .       .0.03 

Chlcopee,  Morton  Brook,     .       .       .       .0.02 

Concord,  Sandy  Pond 0.02 

Greenfield,  Glen  Brook  Reservoir,  .  .  0.02 
Montague,  Lake  Pleasant,  .  .0.02 

Wareham,  Jonathan's  Pond,       .  .  0.02 

WllUamstown,  Paul  Brook,  .  0.02 

Deerfleld,  Roaring  Brook 0.08 

^orth  Adams,  Notch  Brook  Reservoir,  .  0.08 
Peabody,  Spring  Pond,  .       .0.03 

Plttsfield,  Mill  Brook, 0.08 

South  Hadley,  Leaping  Well  Reservoir,    .  0.08 

Spencer,  Shaw  Pond, 0.08 

Haverhill,  Pentucket  Lake,         .       .       .0.04 

Maynard,  White  Pond 0.04 

Northampton,  Mountain  Street  Reservoir,  0.04 
Springfield,  Chapln  Pond,  .       .  .0.04 

Gardner,  Crystal  Lake 0.05 

Lenox,  reservoir, 0.05 

Plttsfield,  Hathaway  Brook,  .  0.05 

Rutland,  Muschopauge  Lake,  .0.05 

Taunton,  Elder's  Pond,  .       .       .0.05 

Fltchburg,  Meetinghouse  Pond,  .  .0.06 

Longmeadow,  Cooley  Brook,  .       .  0.06 

Metropolitan  Water  District,  Spot  Pond,  .  0.07 

Barre,  reservoir, 0.07 

Chester,  Austin  Brook 0.07 

Nantncket,  Wannacomet  Pond,  .        .       .0.07 

Pittafleld,  Sacket  Brook 0.07 

Springfield,  Five  Mile  Pond,  .  .0.07 
Williamstown,  Flora  Glen  Reservoir,  .  0.07 
Worcester,  Lower  Holden  Reservoir,  .0.07 
Holyoke,  Whiting  Street  Reservoir,  .  .0.08 
Hudson,  Gates  Fond, 0.06 


Marlborough,  Lake  Williams, 
Westfleld,  TlUotson  Brook, 
Winchester,  North  Reservoir, 
Brockton,  Silver  Lake, 


.  0.08 
.  0.08 
.  0.08 

.  o.oe 


Haverhill,  Kenoza  Lake 0.09 

Holyoke,  Wright  and  Ashley  Pond,  .       .0.09 

Stockbridge,  Lake  Averic 0.09 

Winchester,  South  Reservoir,  .  .  .0.09 
Haverhill,  Johnson's  Pond,  .  .  .0.10 
Norwood,  Buckmaster  Pond,  .0.10 

Metropolitan  Water  District,  tap  In  Revere,  0.11 
Ablngton,  Big  Sandy  Pond,        •       .       .  0. 11 

Hatfield,  reservoir, 0.11 

Leominster,  Fall  Brook  Reservoir,  .0.11 

Great  Barrlngton,  East  Mountain  Reser. 

voir, 0.12 

North  Andover,  Great  Pond,       .       .       .0.12 

Salem,  Wenham  Lake 0.12 

Andover,  Haggett's  Pond,  ....  0.18 
Cambridge,  Lower  Hobbs  Brook  Reser. 

voir, 0.18 

Natlck,  Dug  Pond 0.18 

Northampton,  West  Brook,         ,       .        .0.18 

Plttsfield,  Ashley  Brook 0.14 

West   Springfield,  Darby    Brook   Reser- 
voir,      0.14 

Worcester,  Upper  Holden  Reservoir,.  .0.14 
Fall  River,  North  Watuppa  Lake,  .  .0.16 
Peabody,  Brown's  Pond,  .0.15 

Fltchburg,  Scott  Reservoir, .  .  .  .0.16 
Haverhill,  Crystal  Lake,  ....  0.16 
North  Adams,  Broad  Brook,       .       .       .0.16 

Northfield,  reservoir 0.16 

Wakefield,  Crystal  Lake 0.16 

Adams,  Dry  Brook, 0.17 

Huntington,  Cold  Brook,  ....  0.17 
Leominster,  Haynes  Reservoir,  .  .  .0.17 
South  Hadley,  Buttery  Brook  Reservoir,  .  0.17 
Cambridge,  Fresh  Pond 0.18 
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Table  No.  17.^  Color  of  Surface  FTa^er^  —  Concluded. 

[Parts  per  100,000.] 


Lee,  Codding  Brook, 0.18 

Eastharapton,  Baseett  Brook,  .  .  .0.19 
Hlngbain,  Accord  Fond,      .  .0.19 

Leominster,  Morse  Reservoir,  .  .  .0.19 
Metropolitan  Water  District,  Wachusett 

Beservolr, 0.20 

Hinsdale,  storage  reservoir,        .  .0.20 

Mllford,  Charles  River,  filtered, .  .  .  0.20 
Winchester,  Middle  Reservoir,  .  .  .0.20 
Northampton,  Middle  Reservoir,  .0.21 

Metropolitan  Water  District,  Framingam 

Reservoir  No.  8 0.22 

Metropolitan  Water  District,  Lake  Cochit- 

uate 0.22 

New  Bedford,  tap  in  City  Hall,  .  .  .0.22 
Metropolitan  Water  District,  tap  in 

Qainc7 0.2S 

Worcester,  Leicester  Reservoir,.  .  i  O.SS 
Metropolitan    Water    District,    Sndbary 

Reservoir, 0.24 

Metropolitan  Water  District,  tap  in  State 

Honse, 0.24 

Ipswich,  Dow's  Brook  Reservoir,  .  .  0.24 
Dalton,  Egypt  Brook  Reservoir,.  .  .  0.2A 
Lynn,  Glen  Lewis  Reservoir,  .0.25 

New  Bedford,  Little  Quittacas  Pond,  .  0.25 
Taunton,  Assawompsett  Pond,  .  .  .  0.26 
Metropolitan    Water    District,    Chestnut 

Hill  Reservoir, 0.27 

Northbiidge,  Cook  Allen  Reservoir,  .       .0.27 

Palmer,  Lower  Reservoir 0.27 

Rockport,  Cape  Pond, 0.27 

Springfield,  Ludlow  Reservoir,  .  .  .  0.27 
Worcester,  Kent  Reservoir,.  .  .  .0.29 
Plttsfleld,  Ashley  Lake,  ....  0.81 
Holyoke,  Manhan  River,     .       .  .0.82 

Metropolitan    Water    District,    Nashua 

River, 0.84 

Gloucester,  Dike's  Brook  Reservoir,  .       .  0.84 


Lawrence,  Merrimack  River,  filtered,       .  0.84 

Lynn,  Birch  Reservoir 0.84 

Lee,  Upper  Reservoir  on  Codding  Brook, .  0.85 
Southbiidge,  Hatchet  Brook  Reservoir,  .  0.85 
Lynn,  Breed's  Reservoir,  .       .0.86 

Lynn,  tap, 0.86 

Gloucester,  Wallace  Reservoir,  .  .  .0.87 
Springfield,  Ludlow  Canal, .  .  .  .0.37 
Athol,  Buckman  Brook  Reservoir,  .0.38 

Lynn,  Hawkes  Reservoir,   .  .       .0.88 

Amherst,  Amethyst  Brook  Reservoir,  .  0.89 
Lynn,  Walden  Reservoir,  .  .  .  .0.89 
Cambridge,  Stony  Brook  Reservoir,  .       .0.40 

Randolph,  Great  Pond 0.40 

New  Bedford,  Great  Quittacas  Pond,  .  0.48 
Gloucester,  Haskell  Brook  Reservoir,  .  0.45 
Marlborough,  Mill  ham  Brook  Reservoir,  .  0.46 
Westfleld,  Montgomery  Reservoir,  .0.48 

Metropolitan  Water  District,  Hopkinton 

Reservoir, 0.51 

Haverhill,  Mlllvale  Reservoir,  .  .  .0.52 
North  Brookfield,  North  Pond,  .  .  .0.52 
North  Brookfield,  Doane  Pond,  .  .0.58 

Danvers,  Mlddleton  Pond,  .  .       .0.54 

Metropolitan  Water  District,  Ashland 

Reservoir, 0.65 

Brockton,  Salisbury  Brook  Reservoir,       .0.55 

Chlcopee,  Cooley  Brook 0.59 

Whitman,  Hobart's  Fond,   .  .       .0.60 

Northborough,  Lower  Reservoir,  .  .0.61 
Athol,  Phillipston  Reservoir,  .       .  0.62 

Metropolitan  Water  District,  Framingham 

Reservoir  No.  2, 0.69 

Weymouth,  Great  Pond,  ....  0.69 
Way  land.  Snake  Brook  Reservoir,     .        .0.80 

Lynn,  Saugus  River, 0.86 

Salem,  Longbara  Reservoir,  .  .  .0.94 
New  Bedford,  old  storage  i-eservoir,  .       .1.00 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 


153 


Tablk  No.  is.— Color  of  the  Water  of  Streams, 

[ParU  per  100,000.] 


Cheshire,  Thunder  Brook,  . 
Cheshire,  BJtchen  Brook,     . 
Great  Barrington,  Green  River, 
Adams,  Bassett  Brook, 
Chicopee,  Morton  Brook, 
Wllliamstown,  Paal  Brook, 
Deerfleld,  Soaring  Brook,    . 
Pittsfleld,  MiU  Brook,  . 
Plttsfleld,  Hathaway  Brook, 
liongmeadow,  Cooley  Brook, 
Chester,  Austin  Brook, 
Plttsfleld,  Sacket  Brook, 
Westfield,  Tlllotson  Brook, 
Korthampton,  West  Brook, . 


Table  No.  19 


Falmouth,  Long  Pond, 
Plymouth,  Little  South  Pond, 
Concord,  Sandy  Pond, 
Montague,  Lake  Pleasant,   . 
Wareham,  Jonathan's  Pond, 
Peabody,  Spring  Pond, 
Spencer,  Shaw  Pond,    . 
HaTerhlll,  Fontncket  Lake, 
Maynard,  White  Pond, 
Springfield,  Chapin  Pond,  . 
Gardner,  Crystal  Lake, 
Rutland,  Muschopauge  Lake, 
Taunton,  Elder's  Pond, 
Fltchburg,  Meetinghouse  Pond, 
Nantucket,  Wannacomet  Pond, 
Springfield,  Fire  Mile  Pond, 
Hudson,  Gates  Pond,    . 
Marlborough,  Lake  Williams, 
Brockton,  Silver  Lake, 
Haverhill,  Kenoza  Lake,     . 
Stockbrldge,  Lake  Averic,  . 
Haverhill,  Johnson's  Pond, 


.01 
.01 
.01 
.08 
.02 
.08 
.03 
.OS 
.05 
.06 
.07 
.07 
.08 
.13 


Plttsfleld,  Ashley  Brook U 

North  Adams,  Broad  Brook,  .    .16 

Adams,  Dry  Brook 17 

Huntington,  Cold  Brook, 17 

Lee,  Codding  Brook 18 

Baethampton,  Bassett  Brook,  .    .19 

Mllford,  Charles  River,  filtered, .  .    .80 

Holyoke,  Manhan  River, 82 

Metropolitan  Water  District,  Nashua  River,    .S4 
Lawrence,  Merrimack  River,  filtered,        .    .S4 

Springfield,  Ludlow  Canal,         87 

Chicopee,  Cooley  Brook, M 

Lynn,  Saugus  River, 86 


—  Color  of  the  Water  of  Lakes  and  Ponds. 

[Parts  per  100,000.] 


.00 
.01 
.08 
.08 
.08 
.03 
.08 
.04 
.04 
.04 
.06 
.06 
.06 
.06 
.07 
.07 
.08 
.08 
.09 
.09 
.09 
.10 


Norwood,  Buokmaeter  Pond, 
Abington,  Big  Sandy  Pond, 
North  Andover,  Great  Pond, 
Salem,  Wenham  Lake, 
Andover,  Haggett's  Pond,  . 
Natick,  Dug  Pond, 
Fall  River,  North  Watuppa  Lake, 


.10 
.11 
.12 
.18 
.18 
.18 
.15 


Peabody,  Brown's  Fond, 15 

Haverhill,  Crystal  Lake, 16 

Wakefield,  Crystal  Lake, 16 

Cambridge,  Fresh  Pond 18 

Hingham,  Accord  Pond 19 

Metropolitan  Water  District,  Lake  Cochitu- 

ate, 28 

New  Bedford,  Little  Quittacas  Pond,         .    .26 
Taunton,  Assawompsett  Pond,   .       .       .    .86 

Rockport,  Cape  Pond 87 

Plttsfleld,  Ashley  Lake 31 

Randolph,  Groat  Pond, 40 

New  Bedford,  Great  Quittacas  Pond,         .    .43 

Danvers,  Middleton  Pond 64 

Weymouth,  Great  Pond, 69 
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Table  No.  20.—  Color  of  the  Water  of  Storage  Reservoirs. 

[Parts  per  100»000.] 


Greenfield,  Glen  Brook  Besenrolr,  .  .  0.02 
North  Adams,  Notch  Brook  Reservoir,  .  0.08 
South  Hadley,  Leaping  Well  Reserroir,  .  0.08 
Northampton,  Mountain  Street  Reservoir,   0.04 

Lenox,  reservoir, 0.05 

Barre,  reservoir 0.07 

WiUlamstown,  Flora  Glen  Reservoir,  .0.07 
Worcester,  Lower  Holden  Reservoir,  .  0.07 
Hoi  yoke,  Whiting  Street  Reservoir,  .  .  0.08 
Winchester,  North  Reservoir,  .0.06 

Holyoke,  Wright  and  Ashley  Pond,  .  .  0.09 
Winchester,  South  Reservoir,  .  .  .0.09 
Hatfield,  reservoir,  .  .  .  .  .0.11 
Leominster,  Fall  Brook  Reservoir,  .  .0.11 
Great  Barrington,  East  Mountain  Reser- 

voir, 0.12 

Cambridge,  Lower  Hobbs  Brook   Reser. 

voir, 0.18 

West  Spring^eld,  Darby  Brook  Reservoir,  O.U 
Worcester,  Upper  Holden  Reservoir,.       .  O.U 

Fitchburg,  Scott  Reservoir 0.16 

Northfleld,  reservoir, 0.16 

Leominster,  Haynes  Reservoir,  .  .  .0.17 
South  Hadley,  Buttery  Brook  Reservoir,  .  0.17 
Leominster,  Morse  Reservoir,  .0.19 

Metropolitan  Water  District,  Wachusett 

Reservoir, 0.20 

Hinsdale,  storage  reservoir,  .  0.20 

Winchester,  Middle  Reservoir,  .  .  .  0.20 
Northampton,  Middle  Reservoir,  .  0.21 

Metropolitan  Water  District,  Framingham 

Reservoir  No.  8 0.22 

Worcester,  Leicester  Reservoir, .  .  .0.28 
Metropolitan    Water    District,    Sudbury 

Reservoir, 0.24 

Ipswich,  Dow's  Brook  Reservoir,       .       .  0.24 


Dalton,  Egypt  Brook  Reservoir, 
Lynn,  Glen  Lewis  Reservoir, 
Northbridge,  Cook  Allen  Reservoir, 
Palmer,  Lower  Reservoir,  . 
Springfield,  Ludlow  Reservoir,  . 
Worcester,  Kent  Reservoir, 
Gloucester,  Dike's  Brook  Reservoir, 
Lynn,  Birch  Reservoir, 
Lee,  Upper  Reservoir  on  Codding  Brook,. 
Southbridge,  Hatchet  Brook  Reservoir,     . 

Lynn,  Breed's  Reservoir 

Gloucester,  Wallace  Reservoir,  . 
Athol,  Buckman  Brook  Reservoir, 
Lynn,  Hawkes  Reservoir,   .... 
Amherst,  Amethyst  Brook  Reservoir, 

Lynn,  Walden  Reservoir 

Cambridge,  Stony  Brook  Reservoir,  . 
Gloucester,  Haskell  Brook  Reservoir, 
Marlborough,  Millham  Brook  Reservoir,  . 
Westfleld,  Montgomery  Reservoir, 
Metropolitan  Water  District,  Hopkinton 

Reservoir 

Haverhill,  Millvale  Reservoir,  . 
North  Brookfleld,  North  Pond,  . 
North  Brookfield,  Doane  Pond,  . 
Metropolitan    Water    District,    Ashland 

Reservoir, 

Brockton,  Salisbury  Brook  Reservoir, 
Whitman,  Hobart's  Pond,    .       .       .       . 
North  borough.  Lower  Reservoir, 
Athol,  Philllpston  Reservoir, 
Metropolitan  Water  District,  Framingham 

Reservoir  No.  2, 

Wayland,  Snake  Brook  Reservoir, 

Salem,  Longham  Reservoir, 

New  Bedford,  old  storage  reservoir,  . 


0.26 
0.25 
0.27 
0.27 
0.27 
0.29 
0.84 
0.84 
0.85 
0.85 
0.86 
0.87 
0.88 
0.88 
0.89 
0.39 
0.40 
0.46 
0.46 
0.48 


0.51 
0.52 
0.52 
0.53 


0.55 
0.56 
0.60 
0.61 
0.62 


0.69 
0.90 
0.94 
1.00 
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Hardness  of  Surface  Waters. 

The  normal  waters  in  most  parts  of  Massachusetts  are  soft.  The  waters 
which  have  the  greatest  hardness  are  those  of  the  limestone  regions,  located 
chiefly  in  the  westerly  part  of  the  State,  and  those  derived  from  populous 
districts. 

The  following  table  gives  the  hardness  of  the  various  sources  of  water 

supply  used  in  the  State.     It  will  be  seen  from  this  table  that  the  waters 

having  the  highest  hardness  are  all  located  in  Berkshire  County,  the  only 

waters  in  the  eastern  part  of  the  State  having  a  hardness  in  excess  of  2.5 

parts  per  100,000  being  Fresh  Pond,  the  water  supply  of  Cambridge,  and 

the  Saugus  River,  used  as  a  source  of  water  supply  of  Lynn.     Fresh  Pond 

has  probably  been  affected  somewhat  by  sea  water,  and  considerably  by  the 

large  population  living  in  its  neighborhood ;  while  the  hardness  of  the  Saugus 

River  water  is  caused  by  pollution  from  the  very  large  population  within  its 

water-shed. 

Table  No.  21, --  Hardness  of  Suff ace  Waters. 

[Parts  per  100,000.] 


0.1 
0.1 
0.1 
0.1 


Leominster,  Morse  Reserroir, 
Leominster,  Hajnes  Reservoir, 
Plymouth,  Little  Soath  Pond, 
Wareham,  Jonathan's  Pond, 

Falmoath,  Long  Pond, 0.2 

Hinsdale,  storage  reserroir 0.2 

Leominster,  Fall  Brook  Reservoir,  .  .0.2 
Fltchborg,  Scott  Reservoir,  .  .  .  .0.8 
Gloucester,  Dike's  Brook  Reservoir,    .        .0.3 

Hingham,  Accord  Pond 0.3 

Westfleld,  Montgomery  Reservoir,  .  0.8 

Worcester,  Upper  Holden  Reservoir,  .  .0.3 
Amherst,  Amethyst  Brook  Reservoir,         .0.4 

Brockton,  Silver  Lake, 0.4 

Concord,  Sandy  Pond, 0.4 

Gloucester,  Wallace  Reservoir,  .0.4 

Gloucester,  Haskell  Brook  Reservoir,  .  0.4 
Lee,  Upper  Reservoir  on  Codding  Brook,  .  0.4 
Lynn,  Glen  Lewis  Reservoir,  .  .  .0.4 
Montague,  Lake  Pleasant,  . 
Xorthbridge,  Cook  Allen  Reservo 
Rutland,  Muschopauge  Lake, 
Springfield,  Chapin  Pond, 
Springfield,  Five  Mile  Pond, 


r, 


0.4 
0.4 
0.4 
0.4 
0.4 


Taunton,  Elder's  Pond 0.4 

Abington,  Big  Sandy  Pond,  .  .  .  .0.5 
Fitchburg,  Meetinghouse  Pond,  .  .  .0.6 
North  Brookfleld,  Doane  Pond,  .  .  .0.5 
North  Brookfleld,  North  Pond,  .  .  .0.5 
South  Hadley,  Leaping  Well  Reservoir,  .0.5 
Taunton,  A  ssawompsett  Pond,     .       .        .0.5 

Westfield,  Tiilotson  Brook 0.5 

Weymouth,  Great  Pond 0.5 

Athol,  Phillipston  Reservoir,  .  .  .0.6 
Brockton,  Salisbury  Brook  Reservoir,  .0.6 
Fall  River,  North  Watuppa  Lake,        .        .0.6 

Hudson,  Gates  Pond, 0.6 

Maynard,  White  Pond, 0.6 

New  Bedford,  Little  Quittacas  Pond,  .  .  0.6 
New  Bedford,  Great  Quittacas  Pond,  .  .0.6 
Palmer,  Lower  Reservoir,     .       .       .       .0.6 

Peabody,  Brown's  Pond 0.6 

Southbridge,  Hatchet  Brook  Reservoir,  .0.6 
Worcester,  Lower  Holden  Reservoir, .  .0.6 
Athol,  Buckroan  Brook  Reservoir,  .  .0.7 
Chlcopee,  Morton  Brook,       .       .       .       .0.7 

Lynn,  Walden  Reservoir 0.7 

New  Bedford,  tap  in  City  Hall,    .        .        .0.7 
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Table  No   21.  —  Hardness  of  Sutfrtce  Waters  —  Continued. 

[Parte  per  100,000.] 


Northfleld,  reservoir, 0.7 

Norwood,  Backmaster  Pond,  .       .0.7 

Spencer,  Shaw  Pond, 0.7 

Springfield,  Ladlow  Beaeryoir,    .       .       .0.7 
Metropolitan  Water  District,  Ashland  Res- 
ervoir,   0.8 

Metropolitan   Water   District,   Hopklnton 

Reservoir, 0.8 

Dalton,  Egypt  Brook  Reservoir,  .  .  .0.8 
Lynn,  Breed's  Reservoir,      .       .  .0.8 

Worcester,  Leicester  Reservoir,  .  .0.8 

Metropolitan  Water  District,  Nashua  Blver,  0.9 
Metropolitan   Water   District,   Wachusett 

Reservoir 0.9 

Chicopee,  Cooley  Brook,  .  .  .  .0.9 
Haverhill,  Crystal  Lake,       .  .0.0 

New  Bedford,  old  storage  reservoir,  .  .0.9 
Northborough,  Lower  Reservoir,  .  .  0.9 
South  Hadley,  Buttery  Brook  Reservoir,    .  0.9 

Worcester,  Kent  Reservoir 0.0 

Metropolitan  Water  District,  Framlngham 

Reservoir  No.  2 1.0 

Huntington,  Cold  Brook,  .        .1.0 

Randolph,  Great  Pond 1.0 

Springfield,  Ludlow  Canal,  .  .  .1.0 
Lynn,  Birch  Reservoir,  .  .  .  .1.1 
Milford,  Charles  River,  filtered,  .  .  .1.1 
Winchester,  Middle  Reservoir,  .  .  .1.1 
Metropolitan  Water  District,  Sndbury  Res- 
ervoir,   1.2 

Andover,  Haggett's  Pond 1.2 

Barre,  reservoir, 1.2 

Danvers,  Mlddleton  Pond,    .       .  .1.2 

Easthampton,  Bassett  Brook,       .       .       .1.2 

Lynn,  tap 1.2 

North  Andover,  Great  Pond,        .               .1.2 
Winchester,  South  Reservoir,       .       .       .1.2 
Metropolitan  Water  District,  Framlngham 
Reservoir  No.  3, 1.3 


Metropolitan  Water  District,  Chestnut  Hill 

Reservoir i.s 

Gardner,  Crystal  Lake 1.3 

Marlborough,  MUlham  Brook  Reservoir,    .1.8 

Rockport,  Cape  Pond, 1.3 

Wayland,  Snake  Brook  Reservoir,  .  1.3 

Chester,  Austin  Brook 1.4 

Holyoke,  Manhan  River 1.4 

Lynn,  Hawkes  Reservoir,     .       .  .1.4 

Metropolitan  Water  District,  tap  in  State 

House, 1.5 

Nantucket,  Wannacomet  Pond,    .  .1.5 

Northampton,  Middle  Reservoir, .       .       .1.6 

Peabody,  Spring  Pond 1.5 

Metropolitan  Water  District,  Spot  Pond,  .  1.6 
Metropolitan  Water  District,  tap  in  Qulncy,  1.6 
Haverhill,  Pentucket  Lake,  .  .1.6 

Ipswich,  Dow's  Brook  Reservoir,  .  .1.6 
Marlborough,  Lake  Williams,       .  .1.6 

Northampton,  Mountain  Street  Reservoir,  .  1.6 
Metropolitan  Water  District,  tap  in  Revere,  1.7 

Hatfield,  reservoir, 1.7 

Haverhill,  Kenoza  Lake,       .  .       .1.7 

Haverhill,  Millvale  Reservoir,  .  .  .1.7 
Lawrence,  Merrimack  River,  filtered,         .1.7 

Lee,  Codding  Brook, 1.7 

Northampton,  West  Brook,  .  .       .1.7 

North  Adams,  Broad  Brook,  .  .  .1.8 
Salem,  Longham  Reservoir, .  .  .  .1.8 
Whitman,  Hobart's  Pond,     .       .       .       .1.8 

Haverhill,  Johnson's  Pond 1.9 

Wakefield,  Crystal  Lake,  .  .  .  .1.9 
Metropolitan  Water  District,  Lake  Cochltn- 

ate, 2.0 

Winchester,  North  Reservoir,  .  .  .  2.0 
Cambridge,  Lower  Hobbs  Brook  Reservoir,  2.1 
Holyoke,  Wright  and  Ashley  Pond,     .       .2.1 

Natlck,  Dug  Pond, 2.1 

Cambridge,  Stony  Brook  Reservoir,    .       .2.2 
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Table  No.  21.  —  Hardness  of 

[Pane  per 

Salem,  Wenham  Lake 2.2 

PSttBfleld,  Ashley  Lake 2.8 

Holjoke,  Whiting  Street  Beservolr,     .       .2.4 
LoBgmeadow,  Cooley  Brook,  .       .2.4 

Adams,  Baaaett  Brook, 2.6 

West  Springfield,  Darby  Brook  Beaerrolr,  2.6 

WilUamstown,  Paul  Brook 2.8 

Great  Barilngton,  East  Mountain  Beservolr,  8 . 0 
Cambridge,  Fresh  Pond,  .  .8.2 

Lynn,  Saogus  River, 8.2 

Cheshire,  Thunder  Brook 8.8 

Greenfield,  Glen  Brook  Beserroir,       .       .  8.3 


Surface  Waters  »  Concluded. 

100,000.] 

Deerfleld,  Soaring  Brook,     .  .8.5 

WilUamstown,  Flora  Glen  Reservoir,  .       .8.5 
Cheshire,  Kitchen  Brook,      .  .8.6 

Pittsfleld,  Mill  Brook  Reservoir,  .       .       .  8.6 
Stockbridge,  Lake  Averic,    .       .  .8.7 

Pittsfleld,  Ashley  Brook,       .       .  .4.6 

Adams,  Dry  Brook, 4.9 

North  Adams,  Notch  Brook  Reservoir,        .5.0 

Pittsfleld,  Socket  Brook 5.1 

Lenox,  reservoir, 5.S 

Great  Barrington,  Green  River,   .       .       .6.4 
Pittsfleld,  Hathaway  Brook,         .  .6.7 


Nitrates  in  Surface  Waters. 

The  determination  of  nitrates  is  of  much  less  importance  in  surface 
waters  than  in  ground  waters.  It  serves,  however,  in  a  general  way  as  an 
index  of  pollution,  especially  in  the  streams,  and  to  a  less  extent  in  the 
larger  ponds  and  reservoirs,  since  under  the  latter  conditions  they  are 
quickly  absorbed  by  growing  organisms.  The  average  quantity  found  in 
the  various  waters  is  shown  by  the  following  table :  — 

« 

Table  No.  22,  — Nitrates  in  Surface  Waters, 

[Parts  per  100,000.] 


Falmouth,  Long  Pond, 0006 

Great  Barrington,  East  Mountain  Reser- 
voir  0008 

Barre,  reservoir, 0010 

Gloucester,  Haskell  Brook  Reservoir,  .  .0010 
New  Bedford,  Great  Qulttacas  Pond,       .  .0010 

Haverhill,  Kenoza  Lake, 0011 

Peabody,  Spring  Pond 0012 

Brockton,  Silver  Lake, 0018 

Brockton,  Salisbury  Brook  Reservoir,  .  .0014 
New  Bedford,  Little  Quittacas  Pond,       .  .0014 

New  Bedford,  tap  in  City  Hall 0014 

Wareham,  Jonathan's  Pond 0015 

Danvers,  Middleton  Pond, 0016 

Fitcbburg,  Meetinghouse  Pond,  .  .0016 
Gloucester,  Wallace  Reservoir, .  .  .  .0016 
Hingham,  Accord  Pond 0016 


Plymouth,  Little  South  Pond,    . 
Taunton,  Assawompsett  Pond, . 
Taunton,  Elder's  Pond, 
Concord,  Sandy  Pond, 
Fall  River,  North  Watuppa  Lake, 
Nantucket,  Wannacomet  Pond,. 
Springfield,  Chapin  Pond, . 
Springfield,  Five  Mile  Pond, 
Haverhill,  Crystal  Lake, 
HaverhiU,  Pentncket  Lake, 
Lynn,  Glen  Lewis  Reservoir,    . 
Northbridge,  Cook  Allen  Reservoir, 
Ablngton,  Big  Sandy  Pond, 
Andover,  Haggett's  Pond, . 
North  Andover,  Great  Pond, 
Rutland,  Muschopauge  Lake,    . 
I   Leominster,  Haynes  Reservoir, 


.0016 
.0016 
.0017 
.0018 
.0018 
.0018 
.0018 
.0018 
.00l9 
.0019 
.0019 
.0019 
.0020 
.0020 
.0020 
.0020 
.0021 
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Table  No.  22.  —  JYttra^c*  tn  Surface  FTo^r* —Continued. 

[Parts  per  100,000.] 


Leominster,  Fall  Brook  Reservoir,  .       .  .0021 

Lynn,  Walden  Reservoir, 0031 

New  Bedford,  old  storage  reservoir,        .  .0081 

Northfleld,  reservoir, 0021 

Haverhill,  Johnson's  Pond,       .  .  .0022 

Holyoke,  Whiting  Street  Reservoir, .  ..0024 
LeomlDster,  Morse  Reservoir,  .  .  .  .0024 
Worcester,  Upper  Holden  Reservoir,       .  .0024 

Palmer,  Lower  Reservoir, 0025 

Metropolitan   Water    District,    Ashland 

Reservoir 0026 

Fltcbburg,  Scott  Reservoir,  .  .  .  .0026 
Metropolitan  Water  District,  Wachnsett 

Reservoir, 0027 

Worcester,  Lower  Ilolden  Reservoir,       .  .0027 

Lynn,  Breed's  Reservoir 0028 

Stockbrldge,  Lake  Averlc 0028 

Winchester,  North  Reservoir,  .  .  .  .0028 
Athol,  Bnckman  Brook  Reservoir,  .  .  .0029 
Haverhill,  MlUvale  Reservoir,  .       .        .  .0029 

Holyoke,  Manhan  River 0029 

Gloucester,  Dike's  Brook  Reservoir,        .  .0080 

Weymoath,  Great  Pond, 0030 

Lynn,  Hawkes  Reservoir, OOSl 

Lee,  Upper  Reservoir  on  Codding  Brook,  .00S2 
Westfield,  Montgomery  Reservoir,  .  .  .0032 
Metropolitan  Water  District,  Spot  Pond,  .0038 

Chicopee,  Cooley  Brook 0088 

Holyoke,  Wright  and  Ashley  Pond,  .  .0038 
Northampton,  Middle  Reservoir,  .  .  .0033 
Norwood,  Buckmaster  Pond,     .        .        .  .0088 

Peabody,  Brown's  Pond, 0033 

Southbrldge,  Hatchet  Brook  Reservoir,    .  .0033 

Maynard,  White  Pond 0034 

North  Adams,  Notch  Brook  Reservoir,     .  .0084 
WllUamstown,  Flora  Glen  Reservoir,       .  .0034 
Cambridge,  Lower  Hobbs  Brook  Reser- 
voir  0085 

Amherst,  Amethyst  Brook  Reservoir,      .  .0087 


Northampton,  West  Brook 0037 

Westfield,  Tlllotson  Brook 0087 

.  Winchester,  South  Reservoir,    .  .  .0087 

Marlborough,  Lake  Williams 0068 

Metropolitan  Water  District,  Hopklnton 

Reservoir, 0089 

Huntington,  Cold  Brook, 0040 

Montague,  Lake  Pleasant, 0040 

Hinsdale,  storage  reservoir,  .  .0041 

Plttsfleld,  Ashley  Lake, 0041 

Athol,  Phllllpston  Reservoir 0042 

Randolph,  Great  Pond 0042 

Ipswich,  Dow's  Brook  Reservoir,     .       .  .0044 

Lynn,  Birch  Reservoir, 0044 

South  Hadley,  Leaping  Well  Reservoir,  .  .0045 

Hudson,  Gates  Pond, 0046 

Easthampton,  Bassett  Brook,    .  .  .0048 

Lenox,  reservoir 0048 

Springfield,  Ludlow  Canal,        .        .       .  .0048 
North  Brookfleld,  Doane  Pond,  .  .Q049 

Winchester,  Middle  Reservoir, .        .        .  .0049 

Lynn,  Saugus  River 0061 

Northampton,  Mountain  Street  Reservoir,  .0051 
Northborough,  Lower  Reservoir,      .       .  .0051 

Spencer,  Shaw  Pond, 0051 

Chicopee,  Moiton  Brook, 0052 

Lynn,  tap,    .      > 0058 

Springfield,  Ludlow  Reservoir,         .       .  .0055 
Metropolitan    Wiiter  District,  tap  In 

Revere, 0057 

Lee,  Codding  Brook,  .        .    *  .        .        .  .0057 
West  Springfield,   Darby  Brook  Reser- 
voir,    0057 

Metropolitan  W^ater  District,  Framlngham 


Reservoir  No.  2, 
North  Brookfleld.  North  Pond,  . 
Salem,  Wenham  Lake, 
Wayland,  Snake  Brook  Re8en,'olr, 
Worcester,  Leicester  Reservoir, 


.0058 
.0058 
.00(9 
.0062 
.0064 
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Table  No.  22.—  Nitrates  in  Surface  IFa/er*— Concluded. 

[Parte  per  100,000.] 


Metropolitan  Water  District,   Nashua 

Blver 0006 

Cheshire,  Kitchen  Brook, 0009 

Chester,  Austin  Brook, 0070 

Whitman,  Hobart's  Pond 0070 

Worcester,  Kent  Beservolr,  .  .  .  .0070 
Marlborough,  Millham  Brook  Reservoir,  .0071 

Pittsfleld,  BIUl  Brook, 0071 

Gardner,  Crystal  Lake, 0078 

Wakefield,  Crystal  Lake 0078 

Metropolitan  Water  District,  Lake  CcTchit- 

uate, 0076 

Rockport,  Cape  Pond 0077 

Deerfleld,  Soaring  Brook,  .       .  .0080 

Plttsfieid,  Ashley  Brook, 0080 

Adams,  Dry  Brook, 0084 

Cheshire,  Thunder  Brook, 0085 

Metropolitan    Water   District,    Sudbury 

Reservoir 0090 

Metropolitan  Water  District,  Chestnut  Hill 

Reservoir, 0105 

Metropolitan  Water  District,  tap. in  State 

House, 0119 


.0120 
.0121 
.0187 
.0188 
.0140 
.0141 
.0148 
.0148 


Hatfield,  reservoir, 0119 

Metropolitan  Water  District,  Framingham 

Reservoir  No.  8,       .       .       .       . 
Greenfield,  Glen  Brook  Reservoir,    . 
Natick,  Dug  Pond,      .... 
Cambridge,  Stony  Brook  Reservoir, 
Plttsfieid,  Hathaway  Brook, 
Plttsfieid,  Sackot  Brook,     . 
Salem,  Longham  Reservoir, 
WiUiamstown,  Paul  Brook, 
Metropolitan  Water  District,  tap  in 

Quincy, 0160 

Adams,  Bassett  Brook, 0159 

Dalton,  Egypt  Brook  Reservoir,  .  .0162 

MUford,  Charles  River,  filtered,  .  .0165 

North  Adams,  Broad  Brook 0179 

Cambridge,  Fresh  Pond, 0245 

Lawrence,  Merrimack  River,  filtered,      .  .0255 
South    Hadley,   Buttery    Brook    Reser- 
voir,   0262 

LoDgmeadow,  Cooley  Brook,    .  .  .0266 

Great  Barrington,  Green  River,        .       .  .0370 


Residue  on  Evaporation  in  Surface  Waters. 

The  amount  of  dissolved  mineral  matter  found  in  the  waters  of  the  State 
is,  in  general,  highest  in  Berkshire,  where  many  of  the  waters  dissolve 
limestone  from  the  rooks  and  soil  over  which  they  flow,  and  it  is  also  large 
in  the  ponds  and  reservoirs  nearest  the  sea.  Except  in  these  cases  a  high 
total  residue  is  usually  an  indication  of  sewage  pollution. 

The  highest  residue  found  in  any  water  is  in  Cape  Pond  in  Rockport,  due 
probably  to  pollution  by  wastes  from  a  glue  factory.  Wannacomet  Pond  in 
Nantucket,  though  having  a  high  total  residue,  is  free  from  pollution,  and  the 
large  quantity  of  mineral  matter  is  doubtless  to  be  explained  by  the  nearness 
of  the  pond  to  the  ocean.  The  high  total  residue  in  the  water  of  the  Saugus 
River  is  due  to  pollution  from  the  large  population  on  its  water-shed.  The 
large  quantity  of  mineral  matter  found  in  the  waters  of  Great  Barrington, 
Pittsfield,  Lenox,  Adams,  North  Adams  and  other  towns  in  the  western  part 
of  the  State  is  due  to  the  contact  of  the  water  with  limestone. 
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The  residue  on  evaporation  in  the  various  surface-water  supplies  of  the 
State  is  shovn  by  tlie  following  table :  — 

Table  No.  23.-- Residue  on  Evaporation  in  Surface  Waters, 

[FarU  per  100,000.] 

2.06   I   Xortbbridge,  Cook  Allen  Beservolr,  .       .  8.18 


HiDBdale,  storage  reseryoir, 
Worcester,  Upper  Holden  Beserroir, 
Leominster,  Fall  Brook  Beservoir, 
Kutland,  MuBchopaiige  Lake,     . 
Leominster,  Morse  Beservoir,     . 
Springfield,  Chapin  Pond,   . 
Leominster,  Haynes  Beservoir,  . 
Worcester,  Lower  Holden  Beservoir, 
Spencer,  Shaw  Fond,   . 
Wareham,  Jonathan's  Pond, 
Fitchborg,  Meetinghouse  Pond, 
Concord,  Sandy  Pond, . 
Montague,  Lake  Pleasant,  . 
Fitchburg,  Scott  Beseryoir, . 
Plymouth,  Little  South  Pond, 
Springfield,  Hive  Mile  Pond, 
Hudson,  Gates  Pond,   . 
South  Hadley,  Leaping  Well  Beservoir, 
Dalton,  Egypt  Brook  Beservoir,. 
Westfield,  Tillotson  Brook, . 
Westfleld,  Montgomery  Beservoir, 
Maynard,  White  Pond, 
Taunton,  Elder's  Pond, 
Lee,  Upper  Beservoir  on  Codding  Brook, 
Metropolitan  Water  District,  Wachusett 

Beservoir,  .... 
Springfield,  Ludlow  Beservoir, 
Falmouth,  Long  Pond, 
Hingham,  Accord  Pond, 
Northfleld,  reservoir,    . 
Brockton,  Silver  Lake, 
Chester,  Austin  Brook, 
Worcester,  Leicester  Beservoir, 
Haverhill,  Crystal  Lake, 
Norwood,  Buckmaster  Pond, 
Lynn,  Glen  Lewis  Beservoir, 
Peabody,  Brown's  Pond, 


8.16 
2.17 
2.17 
2.S4 
2.25 
2.26 
2.26 
2.81 
2.88 
2.86 
2.87 
2.46 
2.47 
2.48 
2.50 
2.58 
2.69 
2.60 
2.61 
2.66 
2.67 
2.76 
2.7» 


Southbrldge,  Hatchet  Brook  Beservoir,     .  8.16 
Winchester,  South  Beservoir,      .  .8.16 


2.86 

2.88 
2.90 
2.90 
2.94 
2.96 
8.00 
8.01 
8.02 
8.04 
8.08 
8.10 


Andover,  Haggett's  Pond 8.16 

Taunton,  Assawompsett  Pond,  .  .8.16 
Huntington,  Cokl  Brook,  ....  8.17 
North  Brookfield,  Doane  Pond,  .  .8.21 
Abington,  Big  Sandy  Pond,  .  .8.23 
Worcester,  Kent  Beservoir,.  .  .3.24 
New  Bedford,  tap  in  City  Hall,  .  .8.82 
Athol,  Buckman  Brook  Beservoir,  .8.84 
New  Bedford,  Little  Quittacas  Pond,  .  8.84 
Fall  Biver,  North  Watuppa  Lake,  .  8.85 
North  Brookfield,  North  Pond,  .  .8.86 
Amherst,  Amethyst  Brook  Beservoir,  .  8.86 
Palmer,  Lower  Beservoir,  .  .  .  .8.86 
North  Andover,  Great  Pond,  .  .  .8.89 
New  Bedford,  Great  Quittacas  Pond,  .  8.42 
Winchester,  Middle  Beservoir,  .  .  .  8.42 
Athol,  Phillipston  Beservoir,  .  .  .8.48 
Chicopee,  Morton  Brook,  .  .  .8.46 
Spring^eld,  Ludlow  Canal,  •  .  .3.46 
Lynn,  Walden  Beservoir,  .  .  .  .8.50 
Lynn,  Breed's  Beservoir,  .  .  .8.61 
Metropolitan  Water  District,  Ashland  Bes- 
ervoir,          8.56 

Easthampton,  Bassett  Brook,      •  .8.56 

Lee,  Codding  Brook, 8.66 

Haverhill,  Pentucket  Lake,        .       .       .8.61 
Metropolitan    Water    District,   Nashua 

Biver, 8.68 

North  Adams,  Broad  Brook,  .8.68 

Barre,  reservoir 8.65 

Holyoke,  Manhan  Biver,                     .       .8.67 
Northampton,  Mountain  Street  Beservoir,  8.67 
Metropolitan    Water   District,    Sudbury 
Beservoir 8.68 
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Tablb  No.  ^S.-'Besidue  an  Evaporation  in  Surface  TFa^er«  — Concluded. 

[Paru  per  100,000.] 


Metropolitan  Water  District,  Hopkinton 

Beaerroir S.70 

BrooktoD,  Salisbury  Brook  Reservoir,  .3.70 
HaTeiiiiU,  Kenoza  Lake,  .  .8.71 

Adanis,  Bassett  Brook,  ....  3.72 
Northborough,  Lower  Reservoir,  .8.74 

Gardner,  Crystal  Lake,  .  .  .  .  .8.76 
Gloucester,  Dike's  Brook  Reservoir, .  .8.78 
Kortbampton,  West  Brook, .  .8.78 

South  Hadley.  Buttery  Brook  Reservoir, .  8.78 
Danvers,  Mlddleton  Pond,  ....  8.81 
Metropolitan  Water  District,  Pramlngham 

Reservoir  No.  8, 8.8fi 

Metropolitan    Water    District,    Chestnut 

Hill  Reservoir, 8.87 

Hatfield,  reservoir 8.88 

Northampton,  Middle  Reservoir,  .8.88 

Weymouth,  Great  Pond,  .       .8.89 

Mil  ford,  Charles  River,  filtered, .  .8.93 

Metropolitan  Water  District,  Spot  Pond,  .  3.94 
Metropolitan  Water  District,  tap  in  Revere,  8 .95 
Marlborough,  Mlllham  Brook  Reservoir,  .  8.9& 
Randolph,  Great  Pond,  .8.96 

Lynn,  Birch  Reservoir 8.96 

Peabody,  Spring  Pond,       .  .4.00 

Metropolitan  Water  District,  tap  In  State 

House, 4.01 

Haverhill,  Johnson's  Pond,  .        .4.03 

Gloucester,  Haskell  Brook  Reservoir,  .  4.06 
Metropolitan  Water  District,  tap  in  Quincy ,  4 .07 

Lynn,  tap, 4.10 

Chicopee,  Cooley  Brook 4.12 

Marlborough,  Lake  Williams,     .  .4.12 

WilUamstown,  Paul  Brook,  .4.15 

Gloucester,  Wallace  Reservoir,  .  .4.17 

Metropolitan  Water  District,  Framingham 

Reservoir  No.  8, 4.19 

Holyoke,  Wright  and  Ashley  Pond,  .  .4.20 
Holy oke.  Whiting  Street  Reservoir,  .       .4.24 


Lynn,  Hawkes  Reservoir,  .  .4.87 
Cheshire,  Thunder  Brook,  .  .4.42 
Ipsfvicb,  Dow's  Brook  Reservoir,  .  4.45 
Wakefield,  CrysUl  Lake,  ....  4.40 
Longmeadow,  Cooley  Brook,  .  .  4.50 
Winchester,  North  Reservoir,  .  .  4.61 
Wayland,  Snake  Brook  Reservoir,  .  .  4.58 
Great  Barrington,  East  Mountain  Reser- 
voir  4.56 

Lawrence,  Merrimack  River,  filtered,  .  4.56 
Plttsfleld,  Ashley  Lake,       .  .4.57 

Haverhill,  Millvale  Reservoir,  .  4.77 

New  Bedford,  old  storage  resei-volr,  .  .  4.77 
Metropolitan  Water  District,  Lake  Cochltu- 

ate 4.85 

Cambridge,  Lower  Hobbs  Brook  Reservoir,  4.89 

Natick,  Dug  Pond 4.96 

Cheshire,  Kitchen  Brook,  .        .        .5.01 

Pittsfield,  Mill  Brook, 5.06 

Greenfield,  Glen  Brook  Reservoir,  .5.10 

West  Springfield,  Darby  Brook  Reservoir,  5.18 
Cambridge,  Stony  Brook  Reservoir,  .  .  5.42 
Wllllamstown,  Flora  Glen  Reservoir,  .  5.4S 
Salem,  Wenhara  Lake,         ....  5.47 

Stockbrldge,  Lake  Averlc 5.70 

Deerfield,  Roaring  Brook,  ....  5.82 
Pittsfield,  Ashley  Brook,  .6.18 

Whitman,  Hobart's  Pond,  ....  6.22 
Salem,  Longham  Reservoir,        .  .6.26 

Pittsfield,  Sacket  Brook 6.iS 

North  Adams,  Notch  Brook  Reservoir,  .  6.75 
Nantucket,  Wannacomet  Pond,  .  .6.78 

Cambridge,  Fresh  Pond,  .  .6.88 

Adams,  Dry  Brook, 7.28 

Lynn,  Saugus  River, 7.49 

Lenox,  reservoir, 8.05 

Pittsfield,  Hathaway  Brook,  .  8.28 
Great  Barrington,  Green  River,  .8.89 
Rockport,  Cape  Pond, 9.13 
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Ground- WATER  Supplies. 

The  ground-water  supplies  in  the  State  are  fewer  in  number  than  the 
surface-water  sources,  and  supply  in  the  aggregate  a  much  smaller  number 
of  people.  Most  of  the  older  water  works  systems  which  serve  the  larger 
communities  are  supplied  from  surface  sources,  while  the  newer  supplies 
are  in  most  cases  obtained  from  the  ground.  The  most  common  method 
of  obtaining  ground  water  is  by  means  of  tubular  wells,  ranging  in  depth 
from  25  feet  to  50  feet  or  more,  and  more  ground-water  supplies  are 
obtained  in  this  way  than  by  any  other  method.  Next  in  number  are  the 
supplies  obtained  from  large  circular  wells,  generally  from  20  feet  to  40 
feet  deep ;  then  come  the  filter-galleries,  so  called,  which  are  usually  elon- 
gated wells  10  feet  to  20  feet  in  depth,  located  along  the  shore  of  a  pond 
or  near  a  stream.  The  filter-galleries  are  usually  rectangular  in  section, 
though  sometimes  of  irregular  shape,  and  are  in  some  cases  several  hundred 
feet  in  length.  Both  the  large  wells  and  the  filter-galleries  are  in  many 
cases  supplemented  by  tubular  wells  sunk  in  their  bottoms  or  in  their  im- 
mediate neighborhood.  A  few  ground-water  supplies  are  obtained  directly 
from  natural  springs. 

Normal  ground  waters  are  colorless,  contain  very  little  organic  matter, 
and  are  ordinarily  affected  by  mineral  matter  in  no  greater  degree  than 
the  surface  waters  of  the  same  region.  On  account  of  their  attractive 
appearance  and  freedom  from  color,  taste  or  odor,  their  low  temperature 
in  summer,  and  the  greater  safety  in  their  use  as  compared  with  surface 
waters,  especially  in  populous  regions,  ground  waters  are  much  the  more 
desirable  sources  of  water  supply  if  they  can  be  obtained.  Most  of  the 
larger  supplies  of  ground  water,  such  as  those  at  Lowell,  Brookline,  New- 
ton, Waltham,  Woburn,  etc.,  are  obtained  from  the  neighborhood  of 
large  streams  or  ponds,  and  while  the  water  is  derived  in  part  from  the 
rain  which  falls  upon  and  sinks  into  the  ground  in  the  neighborhood  of 
the  collecting  works,  it  is  derived  largely,  and  in  many  cases  chiefly,  from 
the  water  which  percolates  through  the  ground  from  the  neighboring  pond 
or  stream.  The  surface  waters  which  percolate  from  ponds  or  streams 
through  the  ground  to  the  various  filter-galleries  or  wells  are  in  most  cases 
well  purified  in  their  passage  through  the  soil,  and  become  ground  waters, 
^differing  in  no  important  respect  from  the  waters  of  wells  or  springs  sup- 
plied wholly  by  the  rainfall  upon  porous  soil  about  them  ;  but  some  of  the 
ground  waters  derived  from  such  sources  deteriorate  in  quality  after  a  time 
on  account  of  a  gradual  reduction  in  the  efiSciency  of  the  purification 
effected  in  their  passage  through  the  soil.  This  is  especially  apt  to  be  the 
case  when  the  distance  from  the  surface  source  to  the  well  is  quite  short. 
The  marked  characteristics  of  such  deterioration  are  an  increased  quantity 
of  iron  and  ammonia,  and  the  presence  of  turbidity,  sediment  and  color, 
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and  Buch  deterioration  has  in  some  cases  become  so  great  as  to  cause  the 
abandonment  of  the  source  of  supply. 

The  averages  of  the  analyses  of  all  the  ground-water  sources  made  during 
the  past  five  years  have  been  calculated  in  the  same  way  as  those  of  the  sur- 
face-water sources,  and  the  results  are  presented  in  the  following  table,  in 
which  the  analyses  of  the  various  sources  are  given  alphabetically  by  towns. 

The  ground-water  sources  have  been  examined  generally  once  in  two  or 
three  months,  but  in  a  few  cases  as  often  as  once  a  month. 

Some  of  the  sources  have  been  in  use  for  a  period  of  less  than  five  years, 
and  these  are  mentioned  in  the  notes  following  the  table. 


Table  No.  24.  —  Averages  of  ChetniccU  Analyses  Jram  1900  to  1904  inclusive, 

[Parts  per  100,000.J 


Source. 

• 

1 

o 

• 

§1 
It 

AMMOmA. 

• 

0.09 

NrrBOOBH 

▲8 

1 

i 

5 

■ 

Cmr  OB  TowH. 

1 

s 

• 

Adams,  . 

Tabular  wells,*  . 

.00 

18.60 

.0001 

.0005 

.0440 

.0000 

.01 

9.7 

.0066 

Ameebury,    . 

Main  Street  wells, 

.09 

10.83 

.0018 

.0015 

0.78 

.0816 

.0002 

.08 

4.4 

.0670 

Market  Street  wells,  . 

.01 

25.09 

.0036 

.0028 

1.81 

.0047 

.0002 

.04 

11.7 

.0094 

Attleborough, 

Well 

.01 

4.02 

.0006 

.0031 

0.84 

.0092 

.0000 

.05 

1.8 

.0070 

Avon, 

Well, 

.00 

3.70 

.0005 

.0011 

0.85 

.0419 

.0000 

.01 

1.1 

.0046 

Ayer, 

Well 

.00 

5.51 

.0005 

.0018 

0.44 

.0884 

.0000 

.02 

2.2 

.0068 

Billerica, 

Tabular  wells,    . 

.06 

6.50 

.0009 

.0026 

0.27 

.0060 

.0000 

.08 

2.3 

.0327 

Braintree, 

Fllter-gallery, 

.06 

5.09 

.0017 

.0078 

0.81 

.0406 

.0000 

.17 

1.7 

.0088 

Brldgewater, 

Wells 

.13 

6.91 

.0007 

.0031 

0.45 

.0168 

.0000 

.06 

2.8 

.0849 

Brookllne, 
Canton,  . 

Tabular  wells  and  Alter. 

gallery. 
Sprlngdale  well, . 

.04 
.00 

9.02 
3.61 

.0036 
.0002 

.0041 
.0010 

0.58 
0.82 

.0862 
.0042 

.0002 
.0000 

.10 
.02 

4.6 
1.0 

.0128 
.0079 

Well  near  Henry*s  Spring, 

.04 

3.94 

.0002 

.0023 

0.37 

.0190 

.0000 

.08 

1.2 

.0068 

Cohauet, 

Tubular  wells  No.  1,  . 

.04 

13.24 

.0006 

.0020 

1.66 

.0844 

.0000 

.08 

6.0 

.0216 

Tubnlar  wells  No.  2,  . 

.01 

13.54 

.0008 

.0017 

1.44 

.0807 

.0000 

.02 

6.6 

.0079 

Filter-gallery,*   • 

.11 

11.14 

.0691 

.0093 

1.13 

.0041 

.0001 

.28 

5.1 

.0184 

Cottage  City, 

Springs,       .... 

.02 

8.89 

.0008 

.0013 

0.95 

.0102 

.0000 

.02 

0.6 

.0188 

Dedbam, 

Large  well, .... 

.60 

8.97 

.0010 

.0088 

0.76 

.1619 

.0000 

.04 

3.8 

.0060 

Tubular  wells,    . 

.00 

18.97 

.0012 

.0016 

1.30 

.4011 

.0002 

.02 

5.4 

.0102 

Dracut,  . 

Tubular  wells,    . 

.00 

4.60 

.0005 

.0015 

0.22 

.0224 

.0000 

.02 

1.7 

.0061 

Eaaton, . 

Well 

.00 

4.48 

.0003 

.0015 

0.49 

.0624 

.0000 

.01 

1.6 

.0052 

Fairbaven, 

Tubular  wells,    . 

.36 

6.86 

.0006 

.0095 

0.91 

.0299 

.0001 

.50 

1.9 

.0366 

Foxboroagh, 

Tubular  wells,    . 

.00 

8.58 

.0002 

.0006 

0.84 

.0119 

.0000 

.01 

0.7 

.0072 

Framingbam, 

Fllter-gallery,     . 

.02 

8.17 

.0038 

.0050 

0.85 

.0837 

.0003 

.06 

8.8 

.0188 

Franklin, 

Wells,*        .... 

.38 

6.43 

.0031 

.0156 

0.63 

.1027 

.0002 

.48 

2.1 

.0169 

*  See  notes. 


164 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


Table  No.  24,— -Averages  of  Chemical  Analyses  from  1900  to  1904  inclusive 

—  CoDtinued. 

[Parte  per  100,000.] 


Source. 

i 

.04 

• 

1 
s| 

10.27- 

Ammokia. 

1 
1.24 

NlTROOBK 
AS 

Oxygen 

Consumed. 

• 

CiTT  OE  TOWH. 

1 

Albu- 
minoid. 

NHrites. 

■ 

Graf  too, 

Fllter-gallery,     . 

.0008 

.0029 

.2273 

.0000 

.06 

8.7 

.0068 

Groton,  . 

Well 

.00 

4.31 

.0008 

.0009 

0.16 

.0079 

.0000 

.01 

1.9 

.0059 

Hlngham, 

Wells,*        .... 

.02 

5.27 

.0009 

.0023 

0.71 

.0115 

.0000 

.04 

2.0 

.0170 

HoUiston,      . 

Well,* 

.27 

3.80 

.0008 

.0111 

0.28 

.0044 

.0000 

.82 

1.2 

.0266 

HopkintoD,    . 

Tubular  wells,    . 

.00 

11.62 

.0003 

.0019 

1.09 

.8806 

.0000 

.02 

4.6 

.0094 

Hyde  Park,   . 
KlnnTStoo, 

Tubular  wells    near   the 

Neponset  River. 
Tubular  wells  near  Mother 

Brook. 
Tubular  wells,    . 

.OR 
.06 
.60 

10.87 
8.18 
4.60 

.0107 
.0007 
.0006 

.0042 
.0049 
.0016 

1.23 
0.90 
0.77 

.1011 
.1928 
.0217 

.0002 
.0000 
.0000 

1 

.09 
.12 
.01 

4.4 
8.1 
0.9 

.0841 
.0069 
.0074 

Leicester, 

Wells, 

.09 

6.11 

.0028 

.0060 

0.21 

.0797 

.0000 

.15 

2.4 

.0164 

Lowell,  . 

Cook  wells  (tubular),* 

.06 

S.86 

.0082 

.0048 

0.6U, 

.0413 

.0000 

.10 

3.6 

.0297 

Boulevard  wells  (tubular), 

.06 

4.16 

.0049 

.0034 

0.24i 

.0163 

.0001 

.08 

1.6;.086O 

Manchester,  . 

Large  well, . 

.00 

11.16 

.0002 

.0007 

1.83 

.1447 

.0000 

.01 

8.7 

.0078 

Tubular  wells,    . 

.00 

9.78 

.0008 

.0016 

1.27 

.1900 

.0000 

.02 

2.6 

.0045 

Mansfield, 

Well 

.00 

2.7-2 

.0002 

.0006 

0.26 

.0021 

.0000 

.01 

0.6  .0089 

Marblehead, . 

Well  No.  1,  .... 

.08 

16.99 

.0140 

.0026 

2.27 

.0213 

.0002 

.06 

7.0 

.1895 

Well  No.  2,  . 

.10 

17.26 

.0260 

.0034 

1.66 

.0061 

.0001 

.09 

6.8 

.8868 

Marshfleld,    . 

Well 

.00 

11.88 

.0004 

.0010 

3.44 

.0748 

.0000' 

.06 

2.3 

.0078 

Medfleld, 

Spring.        .... 

.00 

3.86 

.0006 

.0084 

0.23 

.0019 

.0000 

i  .07 

1 

1.0 

.0046 

Methuen, 

Tubular  wells,    . 

.09 

7.63 

.0005 

.0049 

0.33 

.0187 

.0000 

1  .10 

3.4 

.0210 

MIddleborough,    . 

Well, 

.18 

6.17 

.0022 

.0047 

0.66 

.0665 

.0000 

|.18 

2.3 

.0622 

Mlllbury, 

WeU, 

.01 

6.05 

.0003 

.0019 

0.24 

.0229 

.0000 

.08 

2.7|.0002 

Minis,    . 

Spring,         .... 

.00 

7.22 

.0003 

.0023 

0.69 

.1774 

.0000 

.02 

2.8 

.0065 

Monson, 

Well, 

.00 

3.23 

.0008 

.0008 

0.12 

.UUilo 

.0000 

.01 

1.0 

.0058 

Nantucket,    . 

Welte, 

.04 

7.00 

.0058 

.0062 

2.12 

.0128 

.0000 

.07 

1.6 

.0236 

Natick,  . 

Well,* 

.00 

8.06 

.0004 

.0013 

0.49 

.0297 

.0000 

.02 

4.8 

.0051 

Needham, 

Well  No.  1 

.00 

5.62 

.0003 

.0014 

0.60 

.1466 

.0000 

.01 

2.0 

.0041 

Well  No.  2,  .... 

.60 

6.24 

.0004 

.0017 

0.62 

.1601 

.0000 

.01 

2.8 

.0047 

Hicks  Spring,*    . 

.00 

4.63 

.0003 

.0011 

0.48 

.0857 

.0000 

.00 

1.6 

.0058 

Newboryport, 

Wells 

.08 

6.06 

.0004 

.0086 

0.47 

.0281 

.0000 

.07 

2.4 

.0867 

Newton, 

No.  AttleboroQgh, 

Tubular  wells  and  filter- 

wsr?-  .... 

.03 

.00 

6.02 
6.86 

.0006 
.0008 

.0084 
.0016 

0.46 
0.68 

.0878 
.0612 

.0000 
.0000 

.08 
.03 

2.6 
8.9 

.0067 
.0069 

Provincetown, 

Well, 

.91 

10.78 

.0148 

.0181 

2.55 

.0051 

.0001 

.78 

2.8 

.4647 

Reading, 

Fllter-gallery,*   . 

.63 

8.83 

.0101 

.0111 

1 

0.46 

.0048 

.0000 

.58 

2.9 

.1972 

*  See  notes. 
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Table  No.  2^,  •— Averciges  of  Chemical  Analyses  from  1900  to  1904  inclusive 

—  Concluded. 

[Parts  per  100,000.] 


Source. 

■ 

1 

• 

§ 

r 

Ammonia. 

1 

0.47 

NrrBooax 

▲8 

Oxygen 

Consumed. 

■ 

CrrT  OR  TowK. 

1 

Albu- 
minoid. 

^ 

• 

Beading, 

Filtered  water,    . 

.20 

15.26 

.0066 

.0081 

.0042 

.0009 

.82 

8.8 

.0121 

Sdtaate, 

Wells 

.01 

15.46 

.0005 

.0010 

8.60 

.1728 

.0000 

.02 

4.5 

.0088 

Sharon, . 

Well, 

.00 

9.26 

.0002 

.0010 

1.14 

.2676 

.0000 

.01 

8.6 

.0067 

Sheffield, 

Spring 

.00 

8.46 

.0004 

.0012 

0.07 

.0064 

.0000 

.01 

1.9 

.0076 

Shirley, . 

Well.* 

• 

.01 

2.45 

.0002 

.0008 

0.14 

.0022 

.0000 

.01 

0.7 

.0106 

TlBbnry,        .  *    . 

Spring,         .        .        .       . 

.00 

4.25 

.0002 

.0009 

1.02 

.0068 

.0000 

.02 

0.5 

.0111 

Uxbridge, 

Spring,*       .       .       .       . 

.00 

2.44 

.0002 

.002*2 

0.15 

.0055 

.0000 

.04 

0.4 

- 

Walpole, 

Tabular  wells,    . 

.00 

8.92 

.0001 

.0006 

0.88 

.0160 

.0000 

.01 

1.1 

.0077 

Waltham, 

Well, 

.06 

7.14 

.0081 

.0041 

0.58 

.0869 

.0000 

.09 

8.4 

.0286 

Ware,    . 

Well, 

.00 

8.19 

.0001 

.0009 

0.66 

.8015 

.0000 

.01 

2.9 

.0047 

Webster, 

Well, 

.00 

8.75 

.0004 

.0011 

0.24 

.0224 

.0000 

.02 

1.4 

.0079 

Weliesley, 

Tnbalar  wells,    . 

.01 

7.68 

.0019 

.0012 

0.64 

.1488 

.0016 

.02 

8.8 

.0079 

Well  at  Williams  Spring,  . 

.00 

9.67 

.0007 

.0024 

0.88 

.8687 

.0004 

.04 

8.5 

.0050 

Filter-gallery,     . 

.00 

7.00 

.0006 

.0028 

0.48 

.0968 

.0001 

.04 

2.8 

.0088 

Westborongh, 

Filter  basin,* 

.02 

2.82 

.0007 

.0088 

0.20 

.0018 

.0000 

.18 

1.1 

- 

Weston, 

Well, 

.09 

6.88 

.0004 

.0058 

0.45 

.0452 

.0000 

.16 

S.(^ 

.0076 

West  Springfield, . 

Well 

.00 

7.12 

.0008 

.0014 

0.49 

.2232 

.0000 

.01 

2.5 

.0064 

WilUamstown, 

Cold  Spring, 

.01 

13.12 

.0004 

.0017 

0.06 

.0874 

.0000 

.07 

10.7 

.0078 

Sherman  Spring, 

.02 

9.52 

.0003 

.0045 

0.06 

.0148 

.0000 

.08 

6.4 

.0070 

Winchendon, 

Well, 

.02 

8.05 

.0015 

.0017 

0.11 

.0045 

.0000 

.08 

■ 

0.9 

.0178 

Wobum, 

Filter-gallery, 

.00 

9.68 

.0062 

.0081 

1.17 

.0192 

.0000 

.06 

4.8 

.0046 

*  See  notes. 

NOTK8. 

Adamt.  Tubular  to02/«.~  Completed  in  1902.  The  water  is  used  only  in  the  drier  portions  of  the 
year,  and  is  pumped  into  Bassetl  Brook  and  thence  supplied  to  the  town. 

Cohasset,  Filter. gallery. ^SltuAted  on  the  shore  of  Lily  Pond.  It  la  used  as  an  auxiliary  source 
of  supply  in  the  drier  portions  of  the  year. 

Franklin.  —  Water  from  Beaver  Pond  is  mingled  with  the  well  water  before  it  is  supplied  to  the 
town. 

Hinoham^  Welli.— Completed  in  the  latter  part  of  tbe  year  1903 

HoUitton^  >re//.  —  Probably  receives  water  directly  from  the  adjacent  pond. 

LoweUt  Cook  weUt. -^Theae  wells  are  not  used,  the  water  containing  an  excessive  quantity  of 
carbonic  acid  which  causes  it  to  take  up  lead  in  large  quantities  from  the  lead  service  pipes 
tihrou^h  which  water  is  supplied. 

Nattck^  Well.— W&B  completed  and  has  been  used  for  the  supply  of  the  town  since  1908. 

Needham,  Sick»  Spring.  — Works  for  taking  water  from  this  source  were  built  in  1904. 

.Reading,  Filter-galleru.  — The  water  from  the  fllter.gallery  contains  an  excessive  quantity  of 
iron  and  IS  treated  with  lime  and  alum  and  subsequently  filtered  through  a  mechanical  filter.  The 
filtered  water  represents  the  water  after  treatment  and  filtration. 

SMrley,  Well.  —Water  from  this  source  was  first  used  in  1903. 

l/xbriage,  Suring.— The  analyses  cover  a  period  of  one  year. 

Wettborougn,  ^Iter  btuin.  — The  water  supply  of  Westborough  is  taken  from  a  larse  open 
basin  fed  by  water  which  filters  through  the  ground  from  Sandra  Pond  and  by  ground  water 
from  adjacent  territory. 
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The  most  important  consideration  in  comparing  the  quality  of  various 
ground  waters  is  their  relative  freedom  from  sewage  pollution.  In  the 
case  of  surface  waters  it  is  usually  a  simple  matter  to  determine  with 
reasonable  accuracy  the  population  within  the  water-shed  of  a  source  of 
supply  which  may  affect  the  quality  of  its  water,  but  in  the  case  of  a 
ground-water  supply  the  area  from  which  water  percolates  to  the  source 
is  often  indefinite  and  rarely  determinable  with  accuracy,  and  some  further 
means  of  determining  the  degree  to  which  it  is  affected  by  population  in 
the  region  about  it  is  usually  necessary. 

Ground  waters  drawn  from  populous  regions  show  very  clearly  ui)on 
chemical  analysis  the  effect  of  the  pollution  of  the  water  by  sewage  or 
other  wastes  of  human  life.  Chlorine,  though  a  normal  constituent  of  the 
waters  of  all  parts  of  the  State,  is  a  characteristic  ingredient  of  sewage, 
and  the  normal  quantity  having  been  determined,  the  excess  due  to  sewage 
or  the  wastes  of  human  life  and  industry  can  be  ascertained.  I'he  normal 
chlorine  of  the  waters  of  the  State  is  greatest  near  the  sea,  and  decreases 
as  the  distance  from  the  sea  increases.  It  changes  very  rapidly  within 
short  distances  near  the  seashore,  and  io  consequence  of  a  lack  of  sutficient 
information  in  some  cases  the  normal  at  such  places  is  still  uncertain,  but 
very  few  of  the  ground  waters  of  the  State  are  affected  by  this  uncertainty. 

The  ground  waters  have  been  classified  in  accordance  with  the  determina- 
tion of  the  excess  of  chlorine  above  the  normal  on  the  same  basis  as  that 
used  for  the  examination  of  spring  waters  in  1900,  and  the  results  are  pre- 
sented in  the  tables  which  follow. 

The  first  group  includes  normal  waters  and  those  in  which  the  excess  of 
chlorine  above  the  normal  is  not  more  than  .10  of  a  part  per  100,000. 
The  second  group  includes  those  waters  in  which  the  excess  of  chlorine 
above  the  normal  is  between  .11  and  .80  of  a  part  per  100,000.  The  third 
group  includes  those  waters  in  which  the  excess  of  chlorine  above  the 
normal  is  more  than  .80  of  a  part  per  100,000. 


Table  No.  25.  —  Oroundrtoaler  Sources  arranged  in  Oroupa  according  io  the 

Excess  of  Chlorine  above  ihe  Normal. 

Group  I.  —  NormdL  Oround  Watert  and  Tho$e  in  which  the  Exeet$  of  Chlorine  it  Lett  than  .10  of 

a  Part  per  100,000. 


CiTT  OB  TOWV. 

Source. 

ClTT  OB  TOWK. 

Source. 

AdaniB, 
Attleborougb, 

Tubular  wells. 
Well. 

Canton, 
Cobasset,     . 

Well    near   Henry' 

Spring. 
Filter-gallery. 

B 

Avon,   .... 

Well. 

Cottage  City, 

Springs. 

Billcrlca,      . 

Tubular  wells. 

Dracnt, 

Tubular  wells. 

BiidgewRter, 

WeUs. 

Foxborongh, 

Tubular  wells. 

Canton, 

Springdale  well. 

Groton, 

Well. 
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Tabus  No.  25. —  Chround-waUr  Sources  arranged  in  Qraupa,  etc. —  Continued. 

Group  l.  —  Iformal  Ground  Watert  and  Those  in  which  the  Excess  of  Chlorine  is  not  More  thtm 

.10  0/ a  Part  per  700,000— Concluded. 

[Parts  per  100,000.] 


City  ok  Toww. 

Bouroe. 

Cmr  OB  Towv. 

Source. 

Hlngham, 

Wells. 

Nantucket,  . 

Wells. 

HoUiflton,     . 

Well. 

Newburyport, 

WeUs. 

Kingston, 

Tubular  wells. 

ProTlncetown, 

Well. 

Leicester, 

Wells. 

Sheffield, 

Spring. 

Liowell, 
Mansfield,    . 

Boulevard  wells  (tubu- 

lar). 
Well. 

Shirley, 
Tlsbury, 

Well. 
Spring. 

Marblehead, 

Well  No.  1. 

Uxbridge,    . 

Spring. 

Marblehead, 

Well  No.  2. 

Walpole, 

Tubular  wells. 

Marshfleld,  . 

Wen. 

Webster, 

Well. 

Medfleld, 

Spring. 

Westborough, 

Filter  basin. 

Methnen, 

Tubular  wells. 

WUllamstown,     . 

Cold  Spring. 

MUlbnry, 

Well. 

WllUamstown,     . 

Sherman  Spring. 

Monson, 

Well. 

Winchendon, 

Well. 

Group  II.  ~  Oround  Waters  in  which  the  Excess  of  Chlorine  is  between  ,11  and  .30  of  a  Part 

per  100,000. 


Ayer,    .... 

Well. 

Needham,     . 

Hicks  Spring. 

BrookUne,    . 
Easton, 

Tubular  wells  and  filter- 

Newton, 
Reading, 

Tubular  wells  and  filter- 

gallery. 
Fliter-gallery. 

Fairhaven,  . 

Tubular  wells. 

Reading, 

Filtered  water. 

Lowell, 

Cook  wells  (tubular). 

Wellesley,    . 

Fliter-gallery. 

Mlddleborough,  . 

Well. 

Weston, 

WeU. 

Natlck,. 

Well. 

Group  III.—  Ground   Waters  in  which  the  Excess  of  Chlorine  is  More  than  .30  of  a  Part  per 

lOOyOOO. 


Amesbnry,  . 

Main  Street  wells. 

Grafton, 

Filter-gallery. 

Amesbnry,  . 

Market  Street  wells. 

Hopkinton,  . 

Tubular  wells. 

Bralntree,    . 

Cohasset, 

Cohasaet, 

Fliter-gallery. 
Tubular  wells  No.  1. 
Tabular  wells  No.  2. 

Hyde  Park, . 
Hyde  Park, . 
Manchester, 

Tubular   wells    near 

Mother  Brook. 
Tubular  wells  near  the 

Neponset  River. 
Large  well. 

Dedham, 

Large  well. 

Manchester, 

Tubular  wells. 

Dedham, 

Tabular  wells. 

Mlllls,  .... 

Spring. 

Framingham, 

Fliter-gallery. 

Needham,     . 

Well  No.  1. 

Franklin, 

Wells. 

Needham, 

Well  No.  2. 
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Table  No.  25. —  Oround-water  Sources  arranged  in  Groups,  etc. —  Concluded. 


6BOUF  III.  —  Ground 

Waters  in  which  the  Exeeee  cf  Chlorine  it  More  than  ,30  of  a  Part  per 
1 00, 000 — Concluded . 

City  ob  Towk. 

Sooroe. 

CiTT  OB  Town. 

Bonroe. 

North  Attleboroagb,  . 

Well. 

Wellesley,    . 

Tubular  wells. 

Sdtuate, 
Sharon, 

Wells. 
Well. 

Wellesley,    . 
West  Springfield, 

Well    at    Williams 

Waltham, 

Well. 

Wobum, 

Fllter-gallerjr. 

Ware,   .... 

WeU. 

Nitrates  in  Ground  Waters. 

The  presence  of  nitrates  in  ground  waters  is  a  measure,  though  a  some- 
what less  definite  and  reliable  one  in  Massachusetts  than  the  excess  of 
chlorine,  of  the  extent  to  which  these  waters  have  been  exposed  to  pollu- 
tion by  sewage  before  entering  the  wells  from  which  the  water  is  drawn. 

Ground  waters  from  an  uninhabited  water-shed  in  which  the  land  has 
not  been  cultivated  or  polluted  in  any  way  by  animal  matter  are  practically 
free  from  nitrates.  The  use  of  lands  for  pasturage  tends  to  increase 
slightly  the  quantity  of  nitrates  present  in  the  ground  water  of  the  region 
so  used.  Ground  waters  from  lands  under  cultivation,  even  though  free 
from  human  habitation,  contain  a  noticeably  larger  quantity  of  nitrates 
than  in  the  cases  where  the  land  has  been  unused  or  used  only  for  pastur- 
age. In  thickly  settled  regions,  where  the  ground  is  polluted  by  house 
drainage  and  other  animal  matter,  the  nitrates  are  nearly  always  very 
high.  Hence  this  deteimination  is  of  great  value  as  an  indication  of 
previous  pollution  in  ground  waters,  and,  taken  in  connection  with  the 
excess  of  chlorine,  is  a  very  important  index  of  the  amount  of  previous 
pollution  these  waters  have  received.  When  ground  waters  are  exposed 
to  light,  as  in  an  open  spring  or  well,  or  especially  in  an  open  distributing 
reservoir,  the  nitrates  are  absorbed  rapidly  by  organic  growths ;  and  though 
the  quantity  may  be  large  in  the  water  as  it  enters  the  spring  or  reservoir, 
it  may  be  nearly  all  taken  up  by  the  growths  therein.  While  in  a  general 
way  the  quantity  of  nitrates  corresponds  directly  with  the  excess  of  chloiine, 
there  are  some  cases  in  which  there  is  considerable  disagreement,  the 
reasons  for  which  have  not  been  made  clear  by  the  investigations  thus  far 
made.  In  the  case  of  the  ground  waters  taken  from  near  the  sea,  how- 
ever, the  determination  of  the  normal  chlorine  is  in  some  cases  doubtful, 
and  a  considerable  disagreement  is  unavoidable. 

The  quantity  of  nitrates  present  in  the  various  ground  waters  is  given  in 
the  following  table :  — 
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Table  No.  26.  —  NUrales  in  Ground  Waters, 

[Pans  per  100,000.] 


Westborough,  filter  basin,  •       .  .0018 

Hedfleld,  spring, 0019 

Mansfield,  well 0081 

Shirlej,  well, 002S 

Cohasset,  filter-gallery 0041 

Canton,  Springdale  well, 0048 

Reading,  filtered  water 0042 

Beading,  Alter.gallery, 004S 

Holllston,  well, 0044 

Wlnchendon,  well 0046 

Amesbnry,  Market  Street  wells,  .  .0047 

Marblehead,  Well  No.  2 0051 

Proyincetown,  well, 0051 

Tlsbury,  spring, 0058 

Uxbrldge,  spring 0056 

Sheffield,  spring 0064 

Groton,  well, 0079 

BUlerica,  tubular  wells, 0060 

Attleborough,  well 0092 

Monson,  well 0099 

Cottage  City,  springs 0102 

Hingham,  wells 0115 

Nantucket,  wells 0188 

WilUamstown,  Sherman  Spring,       .       .  .0148 

Walpole,  tubular  wells 0160 

Brldgewater,  wells, 0168 

Lowell,  Boulevard  wells  (tubular),  .       .  .0168 


Methuen,  tubular  wells, 
Canton,  well  near  Henry's  Spring, 
Woburn,  filter-gallery, 
Marblebead,  Well  No.  1,      . 
Kingston,  tubular  wells,     . 
Dracut,  tubular  wells, 
Webster,  well,      .... 
Mlllbury,  well,     .... 
Newburyport,  wells,  . 


.0187 
.0190 
.0198 
.0218 
.0217 
.0224 
.0824 
.0229 
.0281 


Waltham,  well, 0869 

Natick,  well 0297 

FalrhaTen,  tubular  wells, 0390 

Framingham,  filter-gallery,       .  .  .0887 


Cohasset,  tubular  wells  No.  1,    .  .  .0344 

Brookllne,  tubular  wells  and  filter-gallery,  .0862 
WlUiamstown,  Cold  Spring,  .       .  .0874 

Newton,  tubular  wells  and  filter.gallery,  .0678 

Ayer,well, 0884 

Braintree,  filter.gallery, 0406 

Lowell,  Cook  wells  (tubular),    .  .  .0418 

Avon,  well, 0419 

Foxborough,  tubular  wells,  .  .0419 

Adams,  tubular  wells, 0440 

Weston,  well, 0452 

North  Attleborough,  well, 0512 

Easton,  weU, 0524 

Middleborough,  well, 0565 

Marshfield,  well 0748 

Leicester,  wells, 0797 

Cohasset,  tubular  wells  No.  2,    .  •  .0807 

Amesbury,  Main  Street  wells 0816 

Needham,  Hicks  Spring 0857 

Wellesley,  filter.gallery, 0952 

Hyde  Park,  tubular  wells  near  the  Ne- 

ponset  River, 1011 

FrankUn,  weUs, 1027 

Wellesley,  tubular  wells, 1438 

Manchester,  large  well, 1447 

Needham,  WeU  No.  1 1466 

Needham,  Well  No.  2, 1601 

Dedham,  large  well, 1619 

Scltuate,  wells, 1728 

MiUis,  spring, 1774 

Manchester,  tubular  wells,  .        •  .1900 

Hyde  Park,  tubular  wells  near  Mother 

Brook 1928 

West  Springfield,  well 2232 

Grafton,  filter-gallery 2278 

Sharon,  well, 2576 

Ware,  well, 8016 

Wellesley,  well  at  Williams  Spring,  .       .  .3587 

Hopkinton,  tubular  wells 3805 

Dedham,  tubular  wells 4011 
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Ammonia  in  Ground  Waters. 

Nearly  all  ground  waters,  even  those  of  the  best  springs  and  wells  in 
unpopulated  regions,  contain  very  small  quantiiies  of  free  and  albuminoid 
ammonia,  though  at  times  these  substances  are  wholly  absent.  The  de- 
terminations of  chlorine  and  nitrates  already  given  are  the  important  means 
of  showing  by  chemical  analysis  the  comparative  degree  to  which  ground 
waters  are  affected  by  pollution ;  the  determinations  of  the  free  and  albu- 
minoid ammonias  in  ground  waters  are  indices  of  the  extent  to  which  a 
polluted  water  has  been  purified  and  freed  from  organic  matter  in  its  pass- 
age through  the  ground.  Imperfectly  purified  waters,  or  waters  which 
enter  wells  or  springs  while  still  undergoing  the  process  of  purification, 
usually  contain  considerable  quantities  of  ammonia  both  free  and  albu- 
minoid, and  the  quantity  of  free  ammonia  especially  is  sometimes  very 
large.  The  ammonia  in  a  ground  water  may  be  derived  from  sewage  or 
from  decaying  vegetable  or  organic  matter  unaffected  by  sewage.  The 
ammonias  present  in  sewage  are  very  high,  but  in  a  thoroughly  purified 
sewage  effluent  they  may  be  no  greater  than  in  a  good  spring  or  well 
water. 

The  water  of  an  unpolluted  pond  or  reservoir  containing  a  large  quan- 
tity of  ammonia,  on  account  of  the  presence  of  organic  matter  of  a  vegetable 
origin,  may,  after  passing  through  the  ground  to  a  filter-gallery  or  well, 
become  nearly  or  quite  as  free  from  ammonia  as  the  natural  ground  water 
of  the  region. 

Some  of  the  filter-galleries  and  wells  located  near  streams  and  ponds 
have  now  been  in  use  as  public  water  supplies  for  many  years.  In  some 
cases  the  quality  of  the  water  shows  no  material  change  from  the  time  the 
first  examination  was  made,  but  in  other  cases  the  quantity  of  free  and 
albuminoid  ammonia  has  increased,  indicating  that  a  part  at  least  of  the 
water  entering  these  sources  is  imperfectly  purified.  In  imperfectly  puri- 
fied waters  the  increase  in  ammonias  is  usually  accompanied  by  an  increase 
in  iron  and  in  nitrites,  and  later  by  the  presence  of  turbidity,  sediment  and 
color. 

Some  ground  waters  are  affected  by  the  presence  of  organic  matter  in 
the  ground  from  which  they  are  drawn.  A  notable  instance  of  this  is  the 
source  of  supply  of  the  town  of  Provincetown,  where  the  water  drawn  from 
the  wells  contains  very  large  quantities  of  ammonia  and  iron,  evidently 
derived  from  organic  matter  deeply  buried  in  the  ground  in  which  the 
wells  are  located.  Ground  waters  from  beneath  swamps  or  deep  layers 
of  peaty  soil  usually  show  similar  characteristics.  The  quantity  of  albu- 
minoid ammonia  and  free  ammonia  found  in  the  various  ground-water 
supplies  of  the  State  are  given  in  the  following  tables,  Nos.  27  and  28  :  — 
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Table  No.  27.  —  AUmminaid  Ammonia  in  Ground  Waters. 

TPartB  per  100,000.] 


▲dams,  tubular  wells, 

Manslleld,  well,   . 

Foxborongb,  tubular  wells, 

Walpole,  tubular  wells, 

Manchester,  large  well, 

HoDson,  well, 

Bbirley,  well, 

GrotOD,  well, 

Tlsbnry,  spring,  . 

Ware,  well,  . 

Canton,  Springdale  well, 

Marshfleld,  well, . 

Scltnate,  wells,     . 

Sharon,  well, 

Ayon,  well,  . 

Needham,  Hicks  Spring, 

Webster,  well, 

Sheffield,  spring,. 

Wellesley,  tubular  wells, 

Cottage  City,  springs, . 

Natlck,  well, 

Needham,  Well  No.  1, . 

West  Springfield,  well, 

Amesbury,  Main  Street  wells, 

Dracnt,  tubular  wells, 

Easton,  well, 

Kingston,  tubular  wells, 

Manchester,  tubular  wells, 

Dedham,  tubular  wells. 

North  Attleborough,  well, 

Cohasset,  tubular  wells  No. 

Neeflham,  Well  No.  2, . 

WUliamstown,  Cold  Spring, 

Winchendon,  well, 

Ayer,  well,  . 

Hopktnton,  tubular  wells, 

Millbury,  weU,     . 

Cohasset,  tubular  wells  No. 

Uxbridge,  spring. 

Canton,  well  near  Henry's  Spring, 


2, 


1. 


.0006 
.0000 
.0006 
.0006 
.0007 
.0006 
.0008 
.0009 
.0000 
.0009 
.0010 
.0010 
.0010 
.0010 
.0011 
.0011 
.0011 
.0012 
.0012 
.0013 
.0013 
.OOU 
.OOH 
.0015 
.0015 
.0015 
.0016 
.0015 
.0016 
.0016 
.0017 
.0017 
.0017 
.0017 
.0018 
.0019 
.0019 
.0020 
.0022 
.0028 


Hingham,  wells, 0028 

MUUs,  spring 0038 

Wellesley,  fllter-gallery, 0028 

Wellesley,  well  at  Williams  Spring,         .  .0024 

BiUerica,  tubular  wells, 0026 

Marblehead,  Well  No.  1 0026 

Amesbury,  Market  Street  wells,  .  .0028 

Grafton,  fllter-gallery, 0029 

Attleborough,  well, 0061 

Bridgewater,  weUs, 0081 

Wobum,  fllter.gallery, 0081 

Lowell,  Douleyard  wells  (tubular),  .       .  .0084 

Marblehead,  Well  No.  2, 0084 

Medfleld,  spring, 0084 

Newton,  tubular  wells  and  filter-gallery, .  .0084 

Newburyport,  wells, 0088 

Dedham,  large  well, 0088 

Brookline,  tubular wellsand filter-gallery,  .0041 

Waltham,  well, 0041 

Hyde  Park,  tubular  wells  near  the  Ne- 

ponset  River 0O42 

Williamstown,  Sherman  Spring,  .  .0045 

Mlddleborough,  well, 0047 

Lowell,  Cook  wells  (tubular),    .  .  .0048 

Hyde  Park,  tubular  wells  near  Mother 

Brook, 0049 

Methuen,  tubular  wells, 0049 

Framlngham,  filter-gallery,  .  .0060 

Leicester,  wells, 0060 

Weston,  well 0O68 

Nantucket,  wells 0062 

Braintree,  filter-gallery, 0078 

Reading,  filtered  water, 0081 

Westborough,  filter  basin 0088 

Cohasset,  filter-gallery, 0098 

Fairhaven,  tubular  wells, 0096 

Holliston,  well, 0111 

Reading,  filter-gallery 0111 

Franklin,  wells 0166 

ProTinoetown,  well, 0181 
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Table  No.  28. 

Adams,  tubular  welU, 

Walpole,  tubular  wells, 

Ware,  well,  . 

Canton,  Sprlngdale  well, 

Canton,  well  near  Henry's  Spring, 

Foxborough,  tubular  wells, 

Manchester,  large  well, 

Mansfield,  well,    . 

Sharon,  well, 

Shirley,  well, 

Tisbury,  spring,  . 

Uxbridge,  spring, 

Cohasset,  tubular  wells  No. 

Cottage  City,  springs, 

Easton,  well, 

Grafton,  fllter-gallery, 

Groton,  well, 

Hopkinton,  tubular  wells, 

Millbury,  well, 

Mlllis,  spring, 

Monson,  well, 

Needham,  Well  No.  1, 

Needham,  Hicks  Spring, 

North  Attleborough,  well. 

West  Springfield,  well, 

Williamstown,  Sherman  Spring, 

Marshfleld,  well, . 

Natick,  well, 

Needham,  Well  No.  2, 

Newburyport,  wells,  . 

Sheflield,  spring, 

Webster,  well, 

Weston,  well, 

Williamstown,  Cold  Spring, 

Avon,  well,  . 

Ayer,  well,  . 

Bracut,  tubular  wells, 

Kingston,  tubular  wells, 

Methuen,  tubular  wells, 

Scituate,  wells,    . 


—  Free  Ammonia  in  Qwund  Waters, 

[Parts  per  100,000.] 

.0001      Attleborough,  well 0006 

.0001  Cohasset,  tubular  wells  No.  1,    .               .  .0006 

.0001     Medfleld,  spring, 0006 

.0002  Newton,  tubular  wells  and  filter.gallery, .  .0006 

.0003     Wellesley,  filter-gallery, 0006 

.0002     Bridgewater,  wells 0007 

.0002  Hyde  Park,  tubular  wells  near  Mother 

.0002         Brook, 0007 

.0002  Wellesley,  well  at  Williams  Spring, .       .  .0007 

.0002     Westborough,  filter  basin, 0007 

.0002     Fairhayen,  tubular  wells, 0006 

.0002     HoUiston,  well, 0006 

.0008     Manchester,  tubular  wells 0008 

.0006     Billerica,  tubular  wells 0009 

.0006      Hingham,  wells, 0009 

.0008     Dedham,  large  well 0010 

.0003     Dedham,  tubular  wells, 0012 

.0003      Winchendon,  well, 0015 

.0003      Braintree,  filter-gallery, 0017 

.0008  Amesbury,  Main  Street  wells,  .               .  .0018 

.0003     Wellesley,  tubular  wells 0019 

.0008     Mlddleborough,  well, 0022 

.0008      Leicester,  wells, 0028 

.0003      Franklin,  wells, 0081 

.0003      Waltham,  weU, 0081 

.0003  Lowell,  Cook  wells  (tubular),   .       .       .  .0032 

.0004  Framingham,  filter-gallery,       .       .       .  .0038 

.0004  A  mesbury.  Market  Street  wells,               .  .0036 

.0004  Brookline,  tubular  wells  and  filter-gallery,  .0086 

.0004  Lowell,  Boulevard  wells  (tubular),  .       .  .0048 

.0004      Nantucket,  wells 0068 

.0004     Wobum,  filter.gallery, 0062 

.0004     Beading,  filtered  water 0066 

.0004     Reading,  filter-gallery, 0101 

.0005  Hyde  Park,  tubular  wells  near  the  Ne- 

.0005        ponset  River 0107 

.0005     Marblehead,  Well  No.  1, 0140 

.0005     Provincetown,  well, 0148 

.0006     Marblehead,  Well  No.  2 0260 

.0005     Cohasset,  filter.gallery 0601 
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Iron  in  Ground  Waters. 

Many  ground  waters  contain  iron  in  sufficient  quantity  to  produce  a  rusty 
precipitate  when  the  water  is  exposed  to  air,  and  the  iron  becomes  oxidized. 
When  iron  is  present  to  an  amount  equal  to  about  .05  of  a  part  per  100,000 
it  will  usually  precipitate,  giving  the  water  first  a  milky  turbidity  and  sub- 
sequently a  rusty  sediment.  In  some  ground  waters  this  precipitation  takes 
place  rapidly,  and  the  water  subsequently  becomes  again  clear  and  color- 
less,  while  in  other  cases  the  iron  precipitates  very  slowly  and  can  only 
be  removed  from  the  water  within  a  reasonable  time  by  some  less  simple 
method.  The  quantity  of  iron  varies  greatly  at  different  seasons  of  the 
year  in  most  of  those  waters  in  which  it  is  present  in  considerable  quantity, 
being  insignificant  in  some  seasons,  while  in  others  it  is  present  in  sufficient 
quantity  to  cause  serious  trouble.  The  quantity  of  iron  present  in  the 
various  waters  is  shown  in  the  following  table :  — 


Table  No.  29.  —  Iron  in  Oround  Waters. 

[Parts  per  100,000.] 


Adams,  tabular  wells, 0035 

Wellesleyr  fllter-gallery O0S8 

Mansfield,  well, 0089 

Needham,  Well  No.  1 0041 

Avon,  well 0045 

Manchester,  tubular  wells,  .  .0045 

Medfleld,  spring, 0046 

Wobum,  fllter-gallery^, 0046 

Needham,  Well  No.  2, 0047 

Ware,  well 0047 

Natick,  well, 0061 

Easton,  well, 0062 

MiUbury,  well, 0052 

MilliB,  spring, 0065 

Sharon,  well, 0067 

Monson,  well, 0058 

Needham,  Hicks  Spring, 0058 

Groton,  well, 0069 

Wellesley,  weU  at  WllUams  Spring,  .       .  .0069 

Dedham,  large  well, 0060 

Dracut,  tabular  wells, 0061 

Canton,  weU  near  Henry's  Spring,    .       .  .0068 

West  Springfield,  well, 0064 

Newton,  tabular  wells  and  flltergallery, .  .0067 
Orafton,  filter-gaUery 0068 


Hyde  Park,  tubular  wells  near  Mother 
Brook 0069 


Attleborough,  well,     . 

Wmiamstown,  Sherman  Spring, 

Foxborongh,  tubular  wells, 

Manchester,  large  well, 

WiUlamstown,  Cold  Spring, 

Kingston,  tubular  wells, 

Sheffield,  spring, 

Weston,  well, 

Walpole,  tubular  wells, 

Marsbfield,  well. 

Canton,  Sprlngdale  well,    . 

Cohasset,  tubular  wells  No.  2, 

Webster,  well, 

Wellesley,  tubular  wells,    . 

Bralntree,  fliter-gallery,     . 

Ayer,  well,   .... 

Seltuate,  weUs,    . 

North  Attleborough,  well,  . 

Amesbury,  Market  Street  wells, 

Hopklnton,  tubular  wells,  . 

Dedham,  tubular  wells, 

Shirley,  well, 

Tlsbury,  spring,  . 


.0070 
.0070 
.0072 
.0078 
.0078 
.0074 
.0076 
.0076 
.0077 
.0078 
.0079 
.0079 
.0079 
.0079 
.0068 
.0088 
.0088 
.0089 
.0094 
.0094 
.0102 
.0106 
.0111 
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Table  No.  29.— -Iron in  Ground  IFoter*— Concluded. 

[Parts  per  100,000.] 


Beading,  filtered  water OlSl 

Brookline,  tabular  wells  and  filter-gallery,  .0128 

Cottage  City,  springs, 018S 

Framingham,  filter- galler;^,       .       .       .  .0188 

Cohasset,  fllter-gallery, 0184 

Leicester,  wells, 0164 

Franklin,  wells, 0109 

fllngham,  wells, 0170 

Winchendon,  well 0178 

Methuen,  tabular  wells, 0210 

Cohasset,  tubular  wells  No.  1,    .  .  .0816 

Nantucket,  wells 0286 

Waltham,  well 0SS6 

HoUIstoo,  well, 0206 


Lowell,  Cook  wells  (tubular),   .  .  .0297 

Billerica,  tubular  wells,     .  ..  .0827 

Hyde  Park,  tubular  wells  near  the  Ne- 

ponsetBiver, 0841 

Fairhayen,  tubular  wells, 0866 

Lowell,  Bouleyard  wells  (tubular), .       .  .0660 

Newburyport,  wells 0867 

Amesbury,  Main  Street  wells,   .  .  .0570 

Mlddleborougb,  well, 0822 

Brldgewater,  wells,    .....  .0649 

Marblehead,  Well  No.  1 1896 

Beading,  filter-gallery 1972 

Marblebead,  Well  No.  2, 8868 

Provincetown,  well, 4647 


Habdness  of  Gbound  Watebs. 

The  remarks  coDcerning  the  hardness  of  surface  waters  apply  also  to 
ground  waters.  Unpolluted  ground  waters  in  most  parts  of  the  State  are  soft, 
but  they  are  apparently  somewhat  harder  than  unpolluted  surface  waters  of 
the  same  region.  The  harder  waters  are  found  in  the  limestone  regions 
located  chiefly  in  the  western  part  of  the  State  and  in  thickly  populated 
localities  where  the  ground  water  is  affected  by  sewage  and  other  wastes. 
Half  the  ground  waters  of  the  State  have  a  hardness  of  less  than  2.5  parts 
per  100,000,  and  only  11  have  a  hardness  of  more  than  5  parts  per  100,000. 
The  hardness  of  the  filtered  water  supplied  to  the  town  of  Reading  is  greatly 
increased  by  the  lime  and  alum  used  in  the  process  of  purifying  this  water, 
which  contains  an  excessive  quantity  of  iron. 

Table  No.  30.  —  Hardness  of  Ground  Waters, 

[Parts  per  100,000.] 


Uxbridge,  spring 0.4 

Mansfield,  weU O.S 

Tlsbory,  spring 0.6 

Cottage  City,  springs, 0.6 

Foxborough,  tabular  wells,.  .        .0.7 

Shirley,  well. 0.7 

Kingston,  tabular  wells 0.9 

Winchendon,  well, 0.9 

Canton,  Springdale  well,      .       •  .1.0 

Medfield,  spring, 1.0 

MoDson,  well, 1.0 


Avon,  weU, 1.1 

Walpole,  tubular  wells,       .       .  .1.1 

Westborougb,  filter  basin,   .  .1.1 

Canton,  well  near  Henry's  Spring,     .        .    1.2 

Holliston,  well 1.2 

Webster,  well 1.4 

Easton,  well 1.5 

Needham,  Hicks  Spring,      .       .       .       .1.6 
Lowell,  BouleTard  wells  (tubular),    .       .1.6 

Nantucket,  wells 1.6 

Braintree,  filter.gallery 1.7 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES. 


175 


Table  No.  80.  —  Hardness  of  Ground  Waters  —  Ck)ncladed. 

[Parts  per  100,000.  J 


Draciit,  tabular  wells, 1.7 

Attleborougb,  well 1.8 

Falrhaven,  tnbular  wells,    .  .1.9 

GrotOD,  well, 1.9 

Sheffield,  spring 1.9 

Hlngham,  wells 8.0 

Needham,  Well  No.  1 2.0 

l^nkUn,  weUs 8.1 

Ayer,  well, 8.2 

Blllerlca,  tubolar  wells,  .       .8.8 

Brldgewater,  wells, 2.8 

Marshfleld,  well 2.8 

MlddleboroQgb,  well« 2.3 

Needtaam,  WeU  No.  2, 2.8 

Leicester,  weUs, 2.4 

Newbaryi>ort,  wells, 3.4 

Manchester,  tabular  wells 2.5 

West  Springfield,  well,  .       .       .2.5 

Newton,  tubular  wells  and  illter-gallery,    .  2.6 

Mlllbury,  well, 2.7 

HllUs,  spring, 2.8 

ProTlncetown,  well 2.8 

Wellesley,  filter-gallery 2.8 

North  Attleborougb,  well 2.9 

Beading,  filter.gallery, 2.9 

Ware,  well, 2.9 

Weston,  well 8.0 

Hyde  Park,  tubular  wells   near  Mother 

Brook, 8.1 


Wellesley,  tubular  wells, 
Methuen,  tubular  wells, 
Waltham,  well,      .... 

Sharon,  well, 

Wellesley,  well  at  Williams  Spring, 
Lowell,  Cook  wells  (tubular),     . 
Grafton,  filter-gallery, . 
Manchester,  large  well, 
Dedham,  large  well, 
Framlngham,  fllter.gallery, 

Natick,  well 

Amesbary,  Main  Street  wells, 

Hyde  Park,  tubular  wells  near  the  Ne 

ponset  River,      .... 
Scltuate,  wells,      .... 
Brookline,  tubular  wells  and  filter-gallery 
Hopkinton,  tubular  wells,    . 
Wobum,  filter-gaUery,. 
Cohasset,  filter-gallery, 
Dedham,  tubolar  wells, 
Cohasset,  tubular  wells  No.  2, 
Cohasset,  tubular  wells  No.  1, 
WiUiamstown,  Sherman  Spring,. 
Marblehead,  Well  No.  2, 
Marblehead,  Well  No.  1, 
Reading,  filtered  water, 
Adams,  tubular  wells, . 
WiUiamstown,  Cold  Spring, 
Amesbury,  Market  Street  well?. 


8.8 
8.4 
8.4 
8.6 
8.5 
8.6 
8.7 
3.7 
8.8 
8.8 
4.8 
4.4 


4.4 
4.5 

4.6 
4.6 
4.8 
5.1 
5.4 
5.6 
6.0 
6.4 
6.8 
7.0 
8.8 
9.7 
10.7 
11.7 


Residue  on  Evaporation  in  Ground  Waters. 

The  remarks  coneerniDg  the  presence  of  dissolved  mineral  matter  in 
surface  waters  apply  also  to  ground  waters.  The  highest  residues  in 
unpolluted  ground  waters  are  found  in  the  limestone  regions  and  in  wells 
near  the  sea,  and  the  high  total  residue  in  other  places  is  usually  an  indi- 
cation of  the  previous  pollution  of  the  water  by  sewage.  About  half  the 
ground  waters  of  the  State  have  a  total  residue  of  less  than  6.5  parts  per 
100,000,  and  in  75  per  cent,  of  the  waters  the  total  residue  is  less  than  10 
parte  per  100,000.  The  total  residue  in  the  various  ground- water  supplies 
of  the  State  is  shown  by  the  following  table :  — 
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Table  No.  Si.  —  Residue  on  Evaporation  in  Ground  Waters. 

[Parts  per  100,000.] 
Ux bridge,  spring 2.44      Nantucket,  wells. 


Shirley,  well 2.46 

Mansfield,  well 2.72 

Westborough,  filter  basin 2.82 

Wlnchendon,  well, 3.05 

Monson,  well, 3.23 

Sheffield,  spring, 8.46 

Foxborongh,  tubular  welU,       .        .        .    3.68 
Canton,  Springdale  well,    ....    3.61 

Avon,  well 3.70 

Webster,  well, 3.75 

Holllston,  well 3.80 

Medfleld,  spring 3.85 

Cottage  City,  springs 3.89 

Walpole,  tubular  wells,      ....    3.92 
Canton,  well  near  Henry's  Spring,    .        .3.94 

Attleborough,  well, 4.02 

Lowell,  Boulevard  wells  (tubular),  .        .4.16 

Tisbury,  spring 4.25 

Groton,  well, 4.31 

Easton,  well 4.43 

Dracut,  tubular  wells,        .       .       .       .4.60 

Kingston,  tubular  wells 4.60 

Needham,  Hicks  Spring,     .        .       .        .4.63 
Braintree,  filter-gallery,      ....    5.00 

Hlngham,  wells, 5.27 

Ayer,  well 5.51 

Needham,  Well  No.  1,         ....    5.62 
Newton,  tubular  wells  and  filter-gallery,  >    6.02 

Millbury,  well 6.05 

Newbury  port,  wells, 6.06 

Leicester,  wells, 6.11 

Mlddleborough,  well, 6.17 

Needham,  Well  No.  2 6.24 

Falrhaven,  tubular  wells,  ....    6.36 

North  Attleborough,  well 6.36 

Franklin,  wells, 6.43 

Billerica,  tubular  wells 6.60 

Weston,  well 6.83 

Bridgewater,  wells, 6.91 


.    7.00 

Wellesley,  filter.gallery 7.00 

West  Springfield,  well 7.12 

Waltham,  well, 7.14 

MiUis,  spring 7.22 

Methuen,  tubular  wells,  .  .7.63 

Wellesley,  tubular  wells,    .  .       .7.63 

Natick,  well 8.06 

Framingham,  filter.gallery,  .        .8.17 

Hyde  Park,  tubular  wells  near  Mother 


Brook,       .... 

Ware,  well 

Heading,  filter-gallery, 
Lowell,  Cook  wells  (tubular), 
Dedham,  large  well,    . 


Brookline,  tubular  wells  and  filter-gallery,    9.02 


Sharon,  well,        .... 
Williamstown,  Sherman  Spring, 
Wellesley,  well  at  Williams  Spring, 
Woburn,  filter-gallery, 
Manchester,  tubular  wells, 
Grafton,  filter-gallery, 
Amesbury,  Main  Street  wells, 
Hyde  Park,  tubular  wells  near  the 

ponset  River,    . 
Provincetown,  well,    . 
Cohasset,  filter-gallery, 
Manchester,  large  well, 
Hopkinton,  tubular  wells, 
Marshfleld,  well, 
Williamstown,  Cold  Spring 
Cohasset,  tubular  wells  No 
Cohasset,  tubular  wells  No 
Adams,  tubular  wells, 
Dedham,  tubular  wells, 
Reading,  filtered  water, 
Scituate,  wells, 
Marblebead,  Well  No.  1, 
Marblehead,  Well  No.  2, 
Amesbury,  Market  Street  wells. 


1, 


8.18 
8.19 
8.38 

8.86 
8.97 


.  9.36 
.  9.52 
.  9.67 
.  9.68 
.  9.73 
.  10.27 
.  10.33 
Ne- 

.  10.37 
.  10.78 
.  11.14 
.  11.15 
.  11.62 
.  11.88 
.  13.12 
.  13.24 
.  13.54 
.  13.60 
.  18.97 
.  15.26 
.  15.45 
.  16.99 
.  17.26 
.  25.09 
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EXAMINATION  OF  RIVERS. 


In  the  report  for  the  year  1902,  in  the  chapter  entitled  ''  Report  upon 
the  Examinations  of  the  Outlets  of  Sewers  and  the  Effect  of  Sewage  Dis- 
posal in  Massachusetts,"  the  results  of  the  investigation  made  in  that  year 
of  the  sources  of  pollution  of  streams  in  the  State  are  presented  in  much 
detail,  together  with  the  results  of  analyses  of  the  waters  of  these  streams 
for  a  long  series  of  years. 

During  the  year  1904  the  condition  of  the  various  streams  has  been 
observed  as  usual,  but  the  flow  of  the  streams  during  this  year  has  not 
been  low,  and  there  has  been  no  material  change  in  the  condition  of  the 
various  polluted  streams,  so  that  the  results  of  the  examinations  which 
have  been  made  are  not  presented  in  detail. 

Chemical  analyses  of  samples  of  water  from  the  following  streams  have 
been  made  at  frequent  intervals  during  the  year :  — 


Blackstone. 
Charles. 
Merrimack. 
Nashua. 


Nemasket. 
Neponset. 
Quinepoxet. 
Saugus. 


Stillwater. 

Sudbury. 

Westfield. 


The  waters  of  the  following  streams  have  been  examined  during  the 
summer  months  only :  — 


Assabet. 

Housatonic. 

Salisbury  Plain. 

Chicopee. 

Manhan. 

Seven  Mile. 

Concord. 

Mill  (Northampton). 

Shawsheen. 

Connecticut. 

Miller's. 

Spicket. 

Deerfield. 

Mumford. 

Taunton. 

French. 

■ 

Quaboag. 

Ten  Mile. 

Green. 

Quinebaug. 

Three  Mile. 

Hoosick. 

Rumford. 

Ware. 

A  summary  of  the  various  analyses,  showing  the  condition  of  the  Black- 
stone  and  Merrimack  rivers  at  several  points,  is  appended. 
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BliACKSTONE  BITTER. 


Blackstone  River. 


Chemical  Examination  of  Water  from  the  Blackstone  River.  — Aver- 
ages FOR  Six  Months,  from  June  to  November,  1887  to  1904,  inclusive. 

Blackstone  River ^  between  Mill  Brook  Channel  and  the  Sewage  Precipitation  Works 

of  the  City  of  Worcester. 

[Parts  per  100,000.] 


HOKTHB. 

■ 

1 

Rbsxdus  ov 
Evaporation. 

■ 

Albuminoid 
Ammonia. 

• 

Nitboobn 

AS 

• 

1 

Loas  on 
Ignition. 

1 

1 

1 

• 

1 

• 

1 

June-No  V. 

.1887.  .   . 

0.91 

~ 

- 

.2686 

.1741 

- 

- 

1.86 

.0160 

- 

- 

1888,  . 

0.76 

1 

- 

.2668 

.1112 

.0567 

.0665 

1.60 

.0882 

.0041 

- 

1889,  . 

0.86 

1 

- 

.3980 

.1480 

.0772 

.0668 

1.82 

.0177 

.0026 

- 

1890,  . 

1.14 

9.92 

8.03 

.2107 

.1246 

.0678 

.0573 

1.07 

.0260 

.0016 

2.9 

1891,  . 

1.10 

17.42 

5.59 

.4918 

.1960 

.1127 

.0828 

2.29 

.0192 

.0037 

5.0 

1892,  . 

0.52 

20.75 

6.30 

.3547 

.1438 

.0708 

.0726 

2.48 

.0227 

.0108 

6.1 

1898,  . 

0.40 

16.98 

4.55 

.1480 

.0588 

.0240 

.0348 

1.01 

.0115 

.0015 

6.8 

1894,  . 

0.66 

16.93 

4.76 

.0548 

.0680 

.0286 

.0144 

0.74 

.0115 

.0005 

4.4 

1895,  . 

0.49 

14.17 

4.50 

.0618 

.0414 

.0248 

.0171 

0.92 

.0168 

.0006 

8.4 

1896,  . 

0.61 

12.90 

2.93 

'.0780 

.0415 

.0282 

.0138 

0.97 

.0147 

.0015 

8.4 

1897,  . 

0.85 

26.45 

7.68 

.1130 

.0674 

.0862 

.0312 

0.89 

.0090 

.0024 

4.2 

1898.  . 

0.83 

17.43 

5.62 

1.0857 

.0619 

.0260 

.0869 

0.96 

.0068 

.0010 

4.6 

1899,  . 

0.14 

84.88 

10.60 

.2588 

.0788 

.0890 

.0898 

- 

- 

.0004 

14.8 

1900.  . 

0.05 

16.48 

8.88 

.1068 

.0518 

.0210 

.0808 

1.08 

.0107 

.0012 

8.6 

1901.  . 

0.28 

81.08 

11.68 

.1410 

.0548 

.0309 

.0289 

- 

- 

.0028 

18.8 

1902,  . 

0.10 

46.15 

12.47 

.24.'» 

.0728 

.0274 

.0464 

- 

- 

.0010  1 

1 

16.5 

1908,  . 

0.18 

24.06 

6.80 

1 

.2886 

.0750 

.0472 

.0278 

- 

1 

.0027 

8.4 

1904.  . 

0.12 

44.68 

17.08  1 

.1228 

.0484 

.0225 

.0209 

- 

- 

.0008 

14.7 

Blackstone  River,  below  Sewage  Precipitation  Works. 


June-Nov. 

,  1887,  . 

0.91 

- 

- 

.2686 

.1741 

- 

- 

1.85 

.0160 

- 

- 

1888,  . 

0.76 

- 

- 

.2668 

.1112 

.0557 

.0555 

1.50 

.0382 

.0041 

- 

lCO<7,   .     . 

0.86 

- 

- 

.3980 

.1480 

.0772 

.0668 

1.32 

.0177 

.0026 

- 

1890,  . 

0.97 

11.86 

3.10 

.2907 

.1492 

.0722 

.0770 

1.46 

.0270 

.0018 

8.9 

1891.  . 

1.06 

22.26 

6.60 

.6367 

.1608 

.0888 

.0625 

2.61 

.0288 

.0040 

6.3 

1892.  . 

0.68 

26.80 

7.75 

.5240 

.1810 

.0058 

.0852 

8.13 

.0137 

.0060 

10.8 

1898,  . 

0.51 

30.00 

7.13 

.5680 

.1468 

.0900 

.0653 

2.76 

.0285 

.0126 

10.9 

1894.  . 

0.40 

29.30 

5.86 

.6189 

.1890 

.1113 

.0277 

2.68 

.0212 

.0071 

10.6 

1895,  . 

0.71 

22.16 

5.18 

.3246 

.0898 

.0597 

.0801 

1.86 

.0267 

.0063 

7.8 

"/ 

1896,  . 

0.30 

1 

26.03 

6.53 

.2881 

.0698 

.0600 

.0298 

2.10 

.0217 

.0118 

9.7 

1897.  . 

0.73 

26.88 

4.97 

.8660 

.1122 

.0782 

.0840 

1.61 

.0207 

.0063 

6.9 

1898.  . 

0.28 

25.68 

6.78 

.3064 

.0868 

.0560 

.0308 

1.65 

.0182 

.0119 

9.2 

1899,  . 

0.14 

44.02 

9.67 

.5261 

.1707 

.0912 

.0796 

8.26 

.0108 

.0068 

16.1 

1900,  . 

0.22 

24.57 

4.48 

.4430 

.1249 

.0621 

.0628 

2.18 

.0110 

.0145 

7.8 

1901.  . 

0.09 

31.12 

6.90 

.4580 

.1298 

.0772 

.M21 

3.42 

.0090 

.0058 

10.8 

1902,  . 

0.16 

49.62 

13.38 

.7296 

.1284 

.0736 

.0548 

2.97 

- 

.0033 

12.5 

1908.  . 

0.89 

31.08 

9.48 

.3880 

.1080 

.0546 

.0535 

- 

- 

.0062 

10.4 

1904,  . 

- 

60.25 

18.78  ' 

1 

.6381 

.1523  .0601 

1 

.0922 

- 

-  .0027 

16.9 

No.  34.] 
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BLACKSTONi:  BIVBB. 

Chemical  Examination  op  Water  from  the  Blackstone  River,  etc. — 

Concluded. 

Blackstone  Biver,  at  Uxbridge, 
[Parts  per  100,000.] 


Rbsidub  on 

ALBUlCINOm 

NiTsoour 

0XTB8. 

Evaporation. 

o 
£ 

Ammonia. 

■ 

AS 

M 

■ 

g 

■ 

•2 

i 

. 

• 

• 

4 

S 

-< 

s 

J 

1 

1 

1 

1 

1 

1* 

1 

§ 

1 

1 

1 

S 

1 

June-Nov. 

,  1887,  . 

.89 

- 

- 

.1129 

.0271 

— 

- 

0.79 

.0860 

- 

— 

1   «t 

XooP,   •    • 

.38 

6.42 

1.52 

.1155 

.0288 

.0223 

.0066 

0.68 

.0310 

.0007 

- 

<   (1 

1889,  . 

.32 

- 

- 

.1183 

.0296 

.0192 

.0104 

0.66 

.0888 

.0009 

- 

(   t< 

1890,  . 

.28 

8.86 

2.12 

.1629 

.0281 

.0174 

.0057 

0.79 

.0259 

.0005 

2.9 

(     ^* 

1891,  . 

.20 

10.16 

2.61 

.2280 

.0175 

.0117 

.0058 

1.04 

.0425 

.0007 

8.6 

<       4( 

1892,  . 

.13 

9.86 

1.88 

.2840 

.0227 

.0162 

.0065 

0.99 

.0613 

.0007 

8.1 

«     « 

1893,  . 

.24 

11.74 

2.37 

.1965 

.0207 

.0140 

.0067 

1.20 

.0623 

.0050 

4.2 

«     II 

1894,  . 

.85 

18.07 

2.08 

.1456 

.0248 

.0188 

.0060 

1.57 

.0673 

.0050 

4.9 

I     i« 

1896,  . 

.56 

12.95 

2.69 

.0906 

.0258 

.0182 

.0076 

1.84 

.0631 

.0065 

4.7 

4       tl 

1896, 

.38 

12.68 

2.67 

.1129 

.0257 

.0221 

.0086 

1.88 

.0477 

.0091 

5.0 

4      (1 

1897,  . 

.48 

11.60 

2.47 

.1029 

.0280 

.0215 

.0065 

1.82 

.0652 

.0051 

4.8 

1      I* 

1896,  . 

.49 

10.59 

2.78 

.0801 

.0264 

.0219 

.0045 

1.00 

.0470 

.0076 

8.8 

1      !• 

1899,  . 

.18 

18.84 

8.11 

.2490 

.0859 

.0810 

.0040 

2.17 

.0510 

.0141 

7.4 

1      <« 

1900,  . 

.19 

13.42 

2.04 

.2260 

.0847 

.0257 

.0090 

1.76 

.0658 

.0060 

5.0 

1      II 

1901,  . 

.22 

18.91 

2.67 

.3159 

.0285 

.0240 

.0045 

1.50 

.0196 

.0035 

5.0 

1      <l 

1902,  . 

.16 

14.17 

2.56 

.3462 

.0270 

.0218 

.0052 

1.95 

.0210 

.0018 

4.9 

1      II 

1908,  . 

.80 

18.16 

2.52 

.3030 

.0262 

.0215 

.0047 

1.74 

.0210 

.0024 

4.4 

■(  *t 

1904,  . 

.20 

13.78 

2.74 

.2399 

.0282 

.0214 

.0068 

2.1% 

.0408 

.0022 

4.6 

Blackstone  Biver^  at  MillviUe. 


Jnne-NoT. 

,1887,  . 

.31 

- 

- 

.0468 

.0220 

- 

— 

0.51 

.0210 

— 

— 

lotx),  .    . 

.41 

6.22 

1.40 

.0467 

.0296 

.0283 

.0068 

0.50 

.0278 

.0004 

- 

1889,  . 

.38 

- 

- 

.0499 

.0278 

.0213 

.0060 

0.45 

.0167 

.0003 

— 

1890,  . 

.26 

6.71 

2.24 

.0736 

.0196 

.0152 

.0044 

0.53 

.0229 

.0003 

2.8 

1891,  . 

.24 

7.48 

2.35 

.1105 

.0884 

.0284 

.0150 

0.72 

.0808 

.0006 

2.2 

1892,  . 

.37 

6.70 

1.62 

.1143 

.0294 

.0210 

.0084 

0.63 

.0217 

.0002 

2.0 

1896,  . 

.23 

7.48 

1.78 

.0677 

.0119 

.0087 

.0082 

0.77 

.0885 

.0011 

2.6 

1894,  . 

.47 

8.42 

2.16 

.0510 

.0172 

.0139 

.0033 

0.89 

.0273 

.0012 

2.8 

1895,  . 

.51 

8.67 

2.55 

.0356 

.0288 

.0160 

.0058 

0.90 

.0383 

.0024 

8.2 

1896,  . 

.85 

8.53 

1.69 

.0484 

.0237 

.0180 

.0057 

0.97 

.0418 

.0027 

8.8 

1897,  . 

.45 

7.66 

1.98 

.0509 

.0258 

.0210 

.0048 

0.92 

.0445 

.0019 

3.1 

1898,  . 

.61 

7.12 

2.17 

.0325 

.0240 

.0193 

.0047 

0.63 

.0240 

.0028 

2.6 

1899,  . 

.20 

12.50 

2.44 

.1810 

.0301 

.0247 

.0054 

1.31 

.0310 

.0049 

4.6 

1900.  . 

.29 

9.38 

1.82 

.1168 

.0254 

.0219 

.0085 

1.15 

.0417 

.0039 

3.4 

1901,  . 

.31 

8.62 

2.13 

.1420 

.0288 

.0227 

.0061 

0.87 

.0165 

.0006 

3.1 

1902,  . 

.28 

9.48 

2.24 

.1623 

.0284 

.0238 

.0046 

1.20 

.0195 

.0010 

2.8 

1903,  . 

.88 

8.46 

1.85 

.1397 

.0233 

.0189 

.0044 

1.10 

.0192 

.0010 

2.9 

1904,  . 

.29 

8.71 

2.06 

.1079 

.0235 

.0201 

.0034 

1.26 

.0337 

.0009 

2.9 

1 

Note.— The  sewage  purlflcatlon  works  of  the  city  of  Worcester  were  put  In  operation  In  1890, 
since  which  time  a  portion  of  the  sewage  of  the  city  has  been  treated.  The  works  were  enlarged 
In  1888,  and  since  that  time  practically  all  of  the  dry.weather  flow  of  sewage  has  been  treated. 


182 


STATE  BOARD  OF  HEALTH.   [Pub.  Doc.  No.  34. 


MBBBIMACK  BIVEB. 


Merrimack  Riybr. 


Table  comparing  the  Analyses  above  Lowell  vnih  those  above  Lawrence^  1904. 

[Parte  per  100,000.] 


• 

1 

RniDUBON 

EVArOBA- 

TIOH. 

Ammohia. 

• 

1 

Q 

.22 
.32 

.10 

NrrBooas 

AS 

1 

• 

1 
1 

■ 

ALB0MI1IOII>. 

• 

• 

1 

> 

Sus- 
pended. 

i 

m 

Mean  of  analyses  above  Lowell, 
Mean  of  analyses  above  Lawrence,  . 

.80 
.82 

.02 

4.25 
4.66 

1.77 
1.88 

.0072  .0191 
.0164|.0238 

.0146 
.0172 

.0026 

.0045 
.0066 

.0021 

.0054 
.0050 

.0002 
.0008 

il.2 
1.3 

Increase 

0.31 

0.06 

.0092 

.0047 

.0004* 

.OOOLO.l 

1 

In  order  to  compare  these  results  with  similar  ones  obtained  in  previous 
years,  another  table  is  presented,  which  shows  the  increase  in  impurities  as 
the  water  passes  from  a  point  above  Lowell  to  Lawrence,  as  given  in  the 
last  line  of  the  above  table,  and  the  corresponding  increase  in  previous 
years. 

Increase  in  the  Amount  oflmpurilies  in  the  Merrimack  River  Water ^  from  a  Point 
above  Lowell  to  Lawrence^  as  determined  by  the  Regular  Monthly  Examina- 
tions of  Different  Years, 

[Parte  per  1UO,000.] 


RnmuB  OK 
Evaporation. 

Ammonia. 

1 

NrrBooBR 

AS 

1 

• 

g 

ALBUMINOID. 

1 

Datb. 

^ 

.1 

1 

• 

1 

• 

1 

Loss  on 
Ignif 

• 

• 

1 

Dis- 
solved. 

Sus- 
pended. 

1 

O 

■ 

1 

Increase,  1887-1889,     . 

0.01 

0.23 

1 
0.09 

.0007 

.0027 

.0017 

.0010 

.026 

1 

.0003* 

.0000 

1 

1      ■" 

Increase,  1890,     . 

0.05 

0.62 

0.22* 

.0016 

.0023 

.0017 

.0006 

.028 

.0020* 

.0000 

0.2 

Increase,  1891,    . 

0.02* 

0.29 

0.07 

.0021 

.0023 

.0021 

.0002 

.035 

.0030* 

.0000 

0.1 

Increase,  1892,     . 

0.06 

0.48 

0.12 

.0019 

.oas7 

.0037 

.0000 

.039 

.0013* 

.0000 

,  0.0 

Increase,  1893,    . 

0.09 

0.47 

0.30  , 

.0031 

.0032 

.0021 

.0011 

.035 

.0002* 

.0001 

'  0.0 

Increase,  1894, 

0.02 

0.15 

0.04 

.0028 

.0032 

.0032 

.0000 

.049 

.0000 

.0000 

0.1 

Increase,  1895,     . 

0.11  . 

0.52 

0.33  1 

.0022 

.0063 

.0046 

.0017 

.063 

.cum 

.0001 

1  O.l 

Increase,  1896,    . 

0.02  ; 

0.51 

0.24 

.U034 

.0058 

.0047 

.0006 

.070 

.0017 

.Ou02 

0.2 

Increase,  1897,     . 

0.06 

0.30 

0.08 

.0019 

.0051 

.0033 

.0018 

.050 

.0000 

.0000 

o.l 

Increase,  1898,     . 

0.03 

0.37 

0.07 

.0024 

.0039 

.0019 

.0020 

.044 

.0010 

.0002  ' 

o.l 

Increase,  1899,     . 

0.02 

0.39 

0.07  1 

.0038 

.0045 

.0023 

.0022 

.059  1 

.0004* 

.0001  ' 

0.1 

Increase,  1900,     . 

0.03  I 

0.41 

0.11 

.0037 

.0027 

.0026 

.0001 

.055 

.0011 

.0000 

■  0.0 

Increase,  1901,     . 

0.03  ' 

0.27 

0.03 

.0032 

.0044 

.002:^ 

.0021 

.053  ! 

.0020 

.0003 

■  0.3 

Increase,  1902,     . 

0.03 

0.52 

0.20  , 

.0032 

.0063 

.0027 

.0086 

.060 

.0000 

.0001 

1  0.1 

Increase,  1908,    . 

0.04 

0.56 

0.18  1 

.0043 

.0065 

.0045 

.0020 

.072 ; 

.0014 

.0002 

1  0.2 

Increase,  1904,    . 

0.02 

0.31 

0.06  ■ 

1 

.0092 

.0047 

.0026 

.0021 

.100 

.0004* 

.0001 

0.1 

The  average  flow  of  tlie  river  at  Lawrence,  for  twenty-four  boars,  during  the  days  on  which 
samples  were  collected,  was  for  the  above  periods,  respectively,  at  the  rate  of  9,145,  9,948,  7,931, 
5,434, 8,126,  5,459, 11,634,  5,886,  8,230,  9,402,  7,406,  7,389,  8,524,  9,160,  9,674  and  7,410  cubic  feet  per  second. 

*  Decrease. 


WATER  SUPPLY  STATISTICS; 


ALSO 


RECORDS  OF  RAINFALL  AND  FLOW  OF  STREAMS. 


[188] 


WATER  SUPPLY  STATISTICS. 


At  the  end  of  the  year  1904  all  of  the  88  citiee  in  Massachusetts  and 
147  of  the  820  towns  were  provided  with  public  water  supplies.  The  fol- 
lowing table  gives  a  classification  by  population  of  the  cities  and  towns 
having  and  not  having  public  water  supplies  Dec.  81,  1904,  the  population 
being  taken  from  the  census  of  1900 :  — 


POPXTLATION 


Number  of 

Places  of  Giyen 

Population 

haying 

Public  Water 

Supplies. 


Under  600,  .  .  .  > 

500-990,  .  .  .  . 

1,000-1,499,  .  .  .  . 

1,500-1,999,  .  .  .  . 

2,000-2,499,  .  .  .  . 

2,500-2,999,  .  .  .  . 

8,000-3,409,  .  .  .  . 

3,dO(V-3,999 

4,00^-4,499,  .  .  .  . 

4,500-4,999,  .  .  .  . 

Above  5,000,  .  .  .  . 

Totals,  .  .  .  . 


6 

18 

14 

12 

8 

11 

9 

7 

9 

92 


Total 
Population  of 

Places 

in  Preceding 

Column. 
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4,840 
16,167 
25,027 
26,560 
21,681 
85,221 
38,128 
29,878 
42,170 
2,355,861 


2,500,087 


Number  of 

Places  of  Given 

Population 

not  haying  a 

Public 
Water  Supply. 


87 

48 

84 

28 

12 

5 

2 

5 

1 


178 


Total 
Population  of 

Places 

in  Preceding 

Column. 


18,388 
37,098 
41,262 
47,585 
26,872 
18,672 

6,817 
18,580 

4,864 

5,721 


215,309 


All  of  the  towns  having  a  population,  according  to  the  census  of  1900, 
in  excess  of  6,000  are  supplied  with  water,  and  there  are  only  9  towns  in 
the  State  which  have  a  population  in  excess  of  8,000  which  are  not  pro- 
vided with  public  water  supplies.     These  towns  are  as  follows :  — 


Town. 


Population  in 


Blackstone, 

Barnstable, 

Chelmsford, 

Pepperell, 

Tewksbury, 


5,721 
4,364 
8,984 
3,701 
8,683 


TOWK. 


Population  in 


Dartmouth, 
Dudley,   . 
Templeton, 
Sutton, 


3,669 
3,553 
3,489 
3,828 
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In  all  of  the  citiee  and  96  of  the  towns  the  water  works  are  owned  either 
by  the  municipality  or  by  a  fire  or  water  supply  district.  In  51  towns  the 
works  are  owned  by  private  companies.  The  following  table  gives  a  clas- 
sification by  population  of  the  cities  and  towns  which  own  their  water  works 
and  those  which  are  supplied  with  water  by  private  companies :  — 


POPITLATIOK 


Number  of 
Plaoes  of  OiTen 

Population 

owniiag  Water 

Works. 


Under  1,000 

1,000-1,99», 

8,000-2,909 

8,000-8,999, 

4,000-4,999, 

5,000-^,999, 

0,000^,999,  •  •  •  •  • 
1,000— <, 999,  •  .  •  •  • 
Above  8,000, 

Totals 


8 

15 
10 
12 
18 
18 
6 
7 
60 


129 


Total 
Population  of 

Plaoea 

in  Preceding 

Column. 


2,898 

28,478 
28,781 
41.726 
58,802 
70,870 
88,778 
68,254 
2,066.808 


2.878,670 


Number  of 
Plaoea  of  OiTon 
Population  sup- 
plied with  Water 
by  Private 
Companies. 


Total 
Population  of 

Places 

in  Preceding 

Column. 


2 
12 
10 

8 
8 
5 
1 

4 
6 


51 


1,726 
17,716 
24.510 
26,618 
18,746 
25,928 

6,058 
29,865 
65,815 


211,467 


Note.— Since  Jan.  1,  1906,  the  ownership  of  the  water  works  in  Athol,  population  7,061, 
Revere,  population  10,896,  and  Tisbury,  population  1,149,  has  changed  from  private  to  public;  and 
the  towns  of  Amesbury,  population  9,478,  Framingham,  population  11302,  and  Wlntbrop,  popula- 
tion 6,068,  have  voted  to  take  the  works  of  the  water  companies  in  those  places. 

From  the  totals  given  in  the  above  tables  it  will  be  seen  that  the  popu- 
lation of  those  towns  supplied  with  water  by  private  companies  is  only  8.2 
per  cent,  of  the  total  population  in  all  the  cities  and  towns  supplied  with 
water,  and  that  there  are  at  the  end  of  the  year  1904  only  6  towns  having 
a  population  above  8,000  which  are  supplied  by  private  companies. 

Records  of  the  consumption  of  water  are  kept  in  nearly  all  of  the  cities 
and  towns  where  water  is  pumped,  and  in  several  cities  and  towns  Venturi 
meters  are  used  to  measure  the  quantity  supplied.  A  summary  of  these 
statistics  for  the  year  1904  is  given  in  the  following  table.  The  estimated 
population  given  in  the  table  is  obtained  by  adding  four-fifths  of  the  in- 
crease in  population  from  1895  to  1900  to  the  population  as  determined  by 
the  census  in  the  latter  year.  The  daily  consumption  of  water  per  in- 
habitant has  been  obtained  by  dividing  the  average  daily  consumption  by 
the  estimated  population.  The  quantity  obtained  in  this  manner  varies 
somewhat  in  the  actual  consumption  per  person  using  the  water,  as  in  many 
cities  and  towns  there  is  a  considerable  number  of  people  who  do  not  use 
the  public  water  supply,  while  in  some  of  the  towns  used  as  summer  resorts 
the  population  using  the  water  during  the  summer  months  is  much  greater 
than  the  population  shown  by  the  census.  With  a  few  exceptions,  how- 
ever, the  error  is  not  large. 
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Statitlies  relaling  to  the  Oonsumplion  of  Water  in  Varioiu  Cities  and  Taums. 


CxTT  OR  Toirw. 

Esti- 
mated 
Popu- 
lation 
in 

19M. 

Average 

DaUy 
Consump- 

Uon 
(Gallona), 

Daily 
Consump- 
tion per 
Inhabit- 
ant 
(Oallons), 

CrrT  oa  Towk. 

Erti- 
mated 
Popu- 
lation 
in 

Average 

Daily 
Consump- 
tion 
(Gallons), 

1904. 

Daily 
Consump- 
tion per 
Inhabit- 
ant 
(Gallons), 

1904. 

Metropolitan  Water 
District.* 
Boston,  . 

W8,T70 

118^,000 

123 

Fairbaven, 

8.750 

886,000 

90 

611,880 

87,680,000 

148 

Fall  River, 

117,891 

4,092,000 

86 

SomerylUe,    . 

70,820 

6,228,000 

89 

Falmoutb, 

4,176 

203,000 

49 

Maiden, 

40,825 

1,868,000 

46 

Foxborough,    . 

8,304 

196,000 

69 

Chelsea, 

87,88R 

4,860,000 

118 

Franklin,  . 

4,921 

809,000 

48 

Everett, 

89,870 

2,624,000 

89 

Gardner,  . 

12,117 

910,000 

75 

Qoincy,  . 

27,830 

2,828,000 

101 

Oloncestor, 

24,449 

1,114,000 

46 

Medford, 

22,126 

1,808,000 

81 

Groton, 

1,940 

67,000 

29 

Melrose, 

14,445 

1,625,000 

106 

HolUston, . 

2,602 

28,000 

11 

Severe,  . 

13,710 

983,000 

68 

Hyde  Park,      . 

14,378 

1,016,000 

71 

Watertown,  . 

11,250 

624,000 

66 

Ipswich,    . 

4,610 

120,000 

26 

Arlington, 

10,160 

768,000 

74 

Lancaster, 

2,718 

73,000 

27 

Milton,  . 

7,740 

816,000 

41 

Lawrence, 

70,876 

2,884,000 

40 

Winthrop, 

7,770 

742,000 

96 

Lincoln,    . 

1,140 

102,000 

142 

Stoneham, 

6,420 

658,000 

87 

Lowell, 

103,451 

6,485.000 

68 

Belmont, 

5,046 

249,000 

49 

Lynn  and  SauguB,  . 

78,993 

5,888,000 

67 

Lexington,    . 

8,620 

288,000 

78 

Manchester, 

8,089 

279,000 

92 

Nahanc, . 

2,810 

181,000 

67 

Mansfield, 

4,284 

187,000 

44 

SwampsGOtt, . 

6,170 

521,000 

84 

Marblebead,     . 

7.511 

662,000 

73 

Abington  and  Rock- 
lana 

9,884 

481,000 

44 

Marlborough,  . 

12,515 

605,000 

48 

Andover,  . 

7,847 

894,000 

54 

Maynard, . 

3,182 

276,000 

87 

AtUeborougb,  . 

18,771 

654,000 

40 

Methnen,  . 

8,970 

813,000 

86 

Avon, 

1,838 

78,000 

43 

Middleborough, 

7,042 

255,000 

86 

Ayer, 
Beverly,    . 

2,722 
15,548 

109,000 
1,286,000 

40 
79 

Milford  and  Hope. 

dale. 
MUlbury,  . 

15,963 
8.851 

872,000 
187,000 

56 
49 

Billerica,  . 

2,931 

102,000 

35 

Montague, 

6,224 

577,000 

93 

Bralntree, 

6,517 

092,000 

91 

Nantucket, 

2,998 

136,000 

45 

Brldgewater     and 
East  Brldgewater. 
Brockton, 

9,882 

214,000 

22 

Natick,      . 

10,027 

519,000 

52 

45,581 

1,588,000 

85 

Keedbam, 

4,420 

274,000 

62 

Brookline, 

22,902 

2,348,000 

102 

New  Bedford,  . 

68,195 

7,022,000 

103 

Cambridge, 

100.060 

8,847,000 

88 

Newburyport,  . 

14,418 

743,000 

52 

Canton, 

4,542 

288,000 

68 

Newton,    . 

38,885 

2,188,000 

57 

Clinton, 

15,403 

532,000 

85 

North  Audover, 

4,788 

150,000 

31 

Danversand  Middle- 
ton. 
Dedham,   . 

9,671 

787,000 

81 

North  Attleborongb, 

7,795 

300,000 

38 

7,654 

1,041,000 

136 

North  Brookfleld.    . 

4,547 

151,000 

33 

Easton, 

5,145 

126,000 

24 

Norwood. . 

6,205 

433,000 

70 

*  The  figures  given  for  the  cities  and  towns  in  the  Metropolitan  Water  Distiict  are  taken  from 
the  report  of  the  Metropolitan  Water  and  Sewerage  Board. 
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Statistxcs  relating  to  the  Consumption  of  Water  in  Variotu  Cities  and  Towns  — 

Concluded. 


City  ob  Town. 

EstiT 

mated 

Popu- 

Utlon 

hi 

1994. 

Average 

Daily 
Consump- 
tion 
(Gallons), 

1904. 

Daily 
Consump- 
tion per 
Inhabit- 
ant 
(OaUons), 

1904. 

Cmr  OB  Tovrif. 

Esti- 
mated 
Popu- 
lation 
hi 

1904. 

Average 

Daily 
Consump- 
tion 
(Gallons), 

1904. 

Daily 
Consump- 
tion per 
Inhabit- 
ant 
(Gallons), 

1904. 

Orange, 

6,647 

166,000 

27 

Wakefield, 

10,079 

666,000 

.     66 

Peabody,  . 

12,385 

1,666,000 

136 

Walpole,   . 

4,086 

314,000 

78 

ProTlncetown, . 

4,001 

124,000 

81 

Waltham, . 

25,666 

2,073,000 

81 

Randolph  and  Hoi- 

brook. 
Reading,   . 

6,406 
6,171 

267,000 
164,000 

40 
80 

Ware, 
Wareham, 

8,768 
8,484 

860,000 
82,000 

40 
9 

Rockport, . 

4,036 

327,000 

81 

Webster,  . 

9,608 

306,000 

82 

Rutland,   . 

1,619 

96,000 

69 

Wellesley, 

6,748 

818,000 

54 

Salem, 

87,144 

8,166,000 

86 

Weston, 

1,968 

67,000 

36 

Sharon, 

2,386 

79.000 

84 

Whitman, 

6,488 

168,000 

25 

Shirley,     . 

1,904 

18,000 

10 

Winchendon,    . 

6,409 

98,000 

18 

Stoughton, 

6,578 

866,000 

66 

Wobum,    . 

14,814 

1,426,000 

99 

Taunton,  . 

84,172 

1,771,000 

62 

Worcester, 

184,146 

10,221,000 

76 

Tisbury,    . 

1,265 

69,000 

64 

Rainfall. 

The  average  rainfall  in  Massachusetts,  as  deduced  from  loug-continued 
observations  in  various  parts  of  the  State,  is  45.49  inches.  The  average 
rainfall  for  the  year  1904  in  these  places  was  43.81  inches,  making  a 
deficiency  of  1.68  inches.  There  was  an  excess  of  rainfall  in  January, 
April,  June  and  September,  and  a  deficiency  during  the  remaining  eight 
months.  The  greatest  excess  in  any  one  month  occurred  in  April,  when 
the  rainfall  was  8.06  inches.  The  greatest  deficiency  occurred  in  October 
and  November,  when  the  rainfall  was  1.78  and  1.83  inches  respectively. 

The  following  table  gives  the  normal  rainfall  in  the  State  for  each  month, 
as  deduced  from  the  observations  at  various  places  for  a  long  period  of 
years,  together  with  the  average  rainfall  at  those  places  for  each  month 
during  1904,  and  the  departures  from  the  normal :  — 


Month. 

Normal 
RahifaU 
(Inches). 

Ramfall 
1904 

(Inches). 

Excess  or 

Deficiency 

1004 

(Inches). 

Month. 

Normal 
RainfaU 
(Inches). 

Rainfall 
1904 

(Inches). 

Excess  or 

Deficiency 

1004 

(Inches). 

January, 
February,  . 
March, 
April, . 
May,    . 

3.90 
3.77 
4.16 
3.60 
3.67 
8.28 
3.79 

4.80 
3.01 
3.03 
8.06 
8.36 
3.49 
2.05 

-fO-90 
-0.76 
-1.12 
+4.46 
—0.81 
+0.21 
—1.74 

August, 
September, . 
October, 
November, . 
December,  . 

Total,    . 

4.27 
3.89 
4.01 
8.98 
3.68 

4.20 
5.28 
1.78 
1.83 
2.92 

—0.07 
+1.89 
—2.28 
—2.15 
—0.76 

June,  . 
July,   . 

45.49 

43.81 

—1.68 
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Flow  of  Streams. 

The  flow  of  streams  for  the  year  1904,  as  indicated  by  the  records  of 
the  Sadbury  River,  was  less  than  the  normal.  The  flow  was  in  excess  of 
the  normal  during  the  months  of  March,  April,  May  and  September,  and 
below  the  normal  daring  the  remaining  months.  The  greatest  excess 
occurred  in  April  and  the  greatest  deficiency  in  February.  In  order  to 
show  the  relation  between  the  flow  of  the  Sudbury  River  during  each 
month  of  1904  and  the  normal  flow  of  that  stream,  as  deduced  from  obser- 
vations daring  thirty  years,  from  1875  to  1904,  inclusive,  the  following 
table  has  been  prepared.  The  area  of  the  water-shed  of  the  Sudbury  River 
above  the  point  of  measurement  is  75.2  square  miles. 


Month. 


Janaary,    . 
February,  . 
March, 
April, . 
May,    . 
June,  . 
July,  . 
August, 
September,. 
October, 
November, . 
December, . 


Normal  Flow. 


Cubic  Feet 

per 

Second 

per  Square 

MUe. 


1.882 
2.879 
4.820 
8.273 
1.766 
O.J?07 
0.299 
0.430 
0.368 
0.827 
1.345 
1.675 


1.678 


Million 
Oallona  per 

Day 

per  Square 

Mile. 


1.217 
1.861 
2.986 
2.116 
1.141 
0.522 
0.198 
0.291 
0.2S8 
0.506 
0.868 
1.082 


1.081 


Actual  Flow  roB  1904. 


Cubic  Feet 

per 

Second 

per  Square 

Mile. 


0.788 
1.866 
4.640 
5.096 
2.699 
0.648 
0.096 
0.262 
0.614 
0.295 
0.447 
0.417 


MiUlon 
Oallona  per 

Day 

per  Square 

Mile. 


Ezcns  OR  Dbfichmct. 


1.441 


0.4n 
0.882 
2.999 
8.294 
1.745 
0.419 
0.062 
0.170 
0.897 
0.191 
0.289 
0.269 


0.931 


Cubic  Feet 

per 

Second 

per  Square 

Mile. 


—1.144 
—1.514 
-fO.020 
+1.828 
+0.968 
—0.159 
—0.208 
—0.280 
+0.246 
—0.082 
—0.896 
—1.258 


—0.232 


Million 
Oallona  per 

Day 

per  Square 

Mile. 


-0.740 
-0.979 
+0.013 
+1.178 
+0.604 
— 0-108 
—0.181 
-0.121 
+0.159 
—0.815 
—0.579 
-0.813 


—0.150 


The  next  table  shows  the  weekly  fluctuation  during  1904  in  the  flow  of 
three  streams  which  were  carefully  measured,  namely,  the  Sudbury,  the 
south  branch  of  the  Nashua  and  the  Merrimack  rivers.  The  flow  of  these 
streams,  particularly  the  Sudbury  and  the  south  branch  of  the  Nashua, 
serves  to  indicate  the  flow  of  other  streams  in  eastern  Massachusetts.  The 
flow  of  the  Merrimack  River  is  affected  to  some  extent  by  the  diversion  of 
water  from  two  of  its  tributaries  for  the  water  supply  of  the  metropolitan 
district.  The  quantity  diverted  in  1904  amounted  to  about  178  cubic  feet 
per  second,  which  would  reduce  the  figures  given  for  the  flow  per  square 
mile  of  water-shed  about  .038  of  a  cubic  foot  per  second.  The  water-shed 
of  the  Sudbury  River  is  75.2  square  miles,  of  the  Nashua  119  square  miles, 
and  of  the  Merrimack  4,664  square  miles. 
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Wkut  Kifmva 

Flow  in  Cubic  Fbkt  pbr 

SacoND  raa  Squarx  Mils  of 

Watbs-bhbd. 

Waax  BNOiNa 
Sunday. 

Flow  in  Cubic  Farr  paa 
SacoND  psa  Squabb  Milb  op 

WATaa-SHBD. 

Sunday. 

Sudbory 
River. 

South 
Branch 
Nashua 

River. 

Merrfanack 
River. 

Sudbury 
River. 

South 
Branch 
Nashua 

River. 

Merrimack 
River. 

1904. 

Jan.    3, 

0.602 

0.944 

0.668 

1904. 

July    8. 

0.477 

0.996 

0.769 

10. 

0.777 

0.806 

0.668 

10. 

0.299 

1.215 

0.805 

IT, 

0.054 

0.974* 

0.688 

17, 

—0.094 

0.527 

0.549 

24. 

0.961 

1.227 

0.561 

24, 

—0.092 

0.515 

0.488 

31, 

0.262 

1.184 

0.563 

31. 

0.267 

0.547 

0.449 

Feb.    7, 

1.382 

1.021 

0.588 

Aug.  7, 

0.889 

0.696 

0.480 

14. 

0.881 

0.687 

0.664 

14, 

0.242 

0.634 

0.472 

21. 

1.090 

0.679 

0.544 

21. 

0.648 

0.696 

0.470 

28, 

2.664 

2.968 

0.764 

28. 

0.028 

0.40U 

0.778 

Mar.    6. 

2.614 

2.591 

0.898 

Sept.  4. 

-O.016 

0.181 

0.452 

IS, 

7.092 

6.894 

2.357 

11. 

0.022 

0.278 

0.404 

20, 

8.625 

2.697 

1.781 

18, 

1.725 

1.966 

0.810 

27, 

6.076 

6.977 

8.428 

25, 

0.557 

0.471 

0.711 

Apr.    8, 

4.261 

4.412 

6.880 

Oct.     2, 

0.425 

0.684 

0.865 

10, 

4.780 

4.099 

4.442 

9. 

0.088 

0.436 

0.789 

17. 

4.129 

8.696 

5.257 

16. 

0.428 

0.471 

0.611 

24, 

2.070 

2.437 

8.023 

28, 

0.587 

0.728 

0.732 

May    1, 

10.100 

7.664 

5.788 

30, 

0.436 

0.664 

0.931 

S. 

8.297 

2.847 

4.905 

Nov.    6, 

0.800 

0.388 

0.629 

15, 

3.831 

2.497 

3.099 

18. 

0.195 

0.428 

0.520 

22, 

2.462 

2.367 

4.124 

20. 

1.142 

0.615 

0.587 

29. 

1.077 

1.468 

2.527 

27, 

-0.886 

0.681 

0.587 

June  5, 

0.997 

1.469 

1.358 

Dec.    4, 

0.295 

0.686 

0.607 

12, 

1.161 

2.108 

1.405 

11, 

0.213 

0.623 

0.421 

19. 

0.202 

0.865 

0.895 

18. 

0.639 

0.285 

0.367 

26, 

0.884 

0.565 

0.621 

25. 

0.151 

0.493 

0.380 
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The  following  table  gives  the  rainfall  upon  the  Sudbury  River  water-shed 
and  the  total  yield  of  the  water-shed  expressed  in  inches  in  depth  on  the 
water-shed  (inches  of  rainfall  collected)  for  the  year  1904,  together  with 
the  average  of  the  records  of  thirty  years,  from  1875  to  1904,  inclusive  :  — 


Rainfall  in  Inches,  received  afid  collected 

\  on  Sudbury  WcUer-ahed. 

HOKTH. 

1904. 

Mbah  roB  SO  Tbabs. 
1S75-1904. 

RftinfaU. 

RftinfaU 
collected. 

Per  Cent, 
collected. 

Rftinfall. 

RainfaU 
collected. 

Per  Cent, 
collected. 

January, 

1              •  .            •              1 

4.87 

0.851 

17.6 

4.21 

2.170 

51.6 

February, 

8.00 

1.472 

49.0 

4.84 

8.023 

69.7 

March,  . 

2.72 

6.849 

196.8 

4.69 

6.826 

116.0 

April,     . 

8.87 

6.685 

64.0 

8.61 

8.662 

101.2 

May, 

2.85 

8.112 

117.7 

8.84 

2.066 

60.9 

Jane, 

2.80 

0.728 

26.8 

8.09 

0.901 

28.2 

July,      . 

1.96 

0.111 

6.6 

8.67 

0.846 

9.4 

August, 

S.86 

0.808 

7.8 

4.06 

0.619 

12.8 

September,    . 

5.80 

0.685 

11.8 

8.82 

0.4U 

12.4 

October, 

1.64 

0.848 

21.2 

4.23 

0.908 

21.4 

November, 

1.73 

0.499 

28.8 

8.96 

1.600 

87.9 

December, 

• 

2.92 

0.481 

16.6 

8.81 

1.081 

60.6 

Totals  an< 

laye 

mge 

B, 

42.82 

1 

19.619 

46.8 

1 

46.22 

22.717 

49.2 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  water-sheds  in  Massachusetts,  both  on  account 
of  the  accuracy  with  which  the  measurements  have  been  made,  and  the 
absence  of  abnormal  conditions  which  would  unfavorably  affect  the  results. 

The  following  table  gives  the  records  of  the  yield  of  this  water-shed  for 
each  year  of  the  past  thirty  years,  the  flow  from  the  water-shed  being 
expressed  in  gallons  per  day  per  square  mile  of  water-shed,  in  order  to 
render  the  table  more  convenient  for  use  in  estimating  the  probable  yield 
of  water-sheds  used  as  sources  of  water  supply :  — 
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Yieid  of  the  Sudbury  Biver  Watershed  in  Oallotuper  Day  per  Square  MUe.* 


MOKTH. 

1S75. 

1S7«. 

1S77. 

1S79. 

1S79. 

IMO. 

IMl. 

Jannarj, 

108,000 

643,000 

658,000 

1,810,000 

700,000 

1,121,000 

415,000 

February, 

l,4tf6,000 

1,868,000 

949,000 

2,466,000 

1,711,000 

1,787.000 

1,546,000 

March,   . 

1,604,000 

4,486,000 

4,818.000 

8,507,000 

2,880,000 

1,874,000 

4,004,000 

April,     . 

8,049,000 

8,292,000 

2,884,000 

1.626,000 

8,116,000 

1,168,000 

1,546,000 

May, 

1,188.000 

1,189,000 

1,891,000 

1,894,000 

1.114,000 

514,000 

965,000 

June, 

> 

870,000 

222,000 

607,000 

506,000 

418,000 

176,000 

1,888,000 

Jidy,       . 

821,000 

188,000 

202,000 

128,000 

158.000 

177,000 

276,000 

August, . 

896,000 

405,000 

121,000 

475,000 

895,000 

119,000 

148,000 

September,    . 

207,000 

184,000 

60,000 

160,000 

141,000 

80,000 

197,000 

October,. 

646,000 

284,000 

632,000 

516,000 

71,000 

101,000 

186,000 

November,     . 

1,802,000 

1,088,000 

1,418,000 

1,698,000 

206,000 

205,000 

395,000 

December, 

584,000 

454,000 

1,289,000 

8,177,000 

462,000 

175,000 

775,000 

Av.  for  whole  year,  . 

972,000 

1,135,000 

1,214,000 

1,462,000 

894,000 

678,000 

979,000 

At.  for  driest  six  months, 

574,000 

884,000 

502,000 

582,000 

280,000 

143,000 

380,000 

MOKTR. 


1S99. 


198S. 


1994. 


1990. 


1996. 


1997. 


1999. 


1999. 


January 

February 

March,        .... 

April 

May 

June, 

July 

August 

September.. 

October 

November,. 

December, .... 
Av.  for  whole  year, 
Av.  for  driest  six  months, 


1,241,000 

2,403,000 

2,839,000 

867,000 

1,292,000 

529,000 

86,000 

55.000 

306,000 

299,000 

210,000 

314,000 


862,000 
211,000 


335,000 
1,033,000 


995,000 
2,842,000 


1,235,000 
1,354,000 


1,611,000;3,785,000;  1,572,000 


1,350,000 
988,000 
300,000 
115,000 
78,000 
91,000 
186,000 
205,000 
193,000 


2,858.000 

1,030,000 

417,000 

224,000 

257,000 

44,000 

83,000 

175,000 

925.000 


583,000' 1,129,000 
145,000    200,000 


1,815,000 

1,336,000 

426,000 

62,000 

240,000 

121,000 

836,000 

1,178,000 

1,174,000 


901,000 
391,000 


1,461,000 
4,800,000 


2,589,000 
2,829,000 


2,059,000  2,868,000 
1,947,0002,620,000 


720,000 
208,000 
115.000 
94,000 
118,000 
146,000 
673,000 
1,020,000 


1,009,000 
414,000 
114,000 
214,000 
111,000 
190,000 
368,000 
643,000 


1,068,000 


2,782,000 


1,951,000 1,195,000 


3,287.000 

2,645,000 

1,632,000 

422,000 

117.000 


1,339,000 

1,410,000 

880,000 

658,000 

688,000 


380,000 1,432,000 


1,087.000:1,164,000 


223,000 


284,000 


1,155,000 
1,999,000 
2,758,000 
3,043,000 


1,697,000 
968,000 


824,000 
1.230,000 
1,941,000 
2,241,000 


1,888,000 
944,000 


*  The  area  of  the  Sudbury  River  water  shed  used  in  making  up  these  recx>rds  Included  water 
surfaces  amounting  to  about  2  per  cent,  of  the  whole  area,  from  1875  to  1878  Inclusive,  subsequently 
increasing  by  the  construction  of  storage  reservoirs  to  about  8  per  cent.  In  1879,  to  8.5  per  cent,  in 
1885,  to  4  per  cent.  In  1894  and  to  6.5  per  cent,  in  1898.  The  wnter-shed  also  contains  extensive  areas 
of  swampy  land,  which,  though  covered  with  water  at  times,  are  not  Included  In  the  above  per. 
centages  of  water  surfaces. 


No.  34.] 


WATER  SUPPLY   STATISTICS. 


193 


Yield  of  the  Sudbury  Biver  WaUr-shed  in  Oallons  per  Day  per  Square  Mile  — 

Concluded. 


MORTH. 


1S90. 


1S91. 


189S. 


1S9S. 


1S»4. 


1999. 


ISM. 


1SS7. 


January,    

February,  

March,        .       .       .       .       . 
April, 

M»y 

June, 

Jnlj 

AugOBt, 

September,        .       .       .       . 

October, 

November, 

December, 

Av.  for  whole  year,    . 

At.  for  driest  dx  months, 


0004 


1,264,000 

1,529,000 

8,648, 

1,875,000 

1,366,000 

568,000 

108,000 

182,000 

458,000 

2,272,000 

1,215,000 

997,000 


1,285,000 
747,000 


3,018,000 
8,486,000 
,458,000 
2,897,000 
582,000 
414,000 
149,000 
168,000 
908,000 
210,000 
805,000 
644,000 


1,315,000 
289,000 


0008 


1,870,000 
948,000 

1,965, 
871,000 

1,259,000 
428,000 
214,000 
280,000 
229,000 
126,000 
697,000 
485,000 


781,000 
827,000 


488,000 
1,542,000 
,245,000 
2,125,000 
2,888,000 
440,000 
158,000 
181,000 
108,000 
221,000 
819,000 
797,000 


696,0001 


1,087,000 
7,000 


991,000 
2,288,000 
1,640,000 
840,000 
419,000 
161,000 
200,000 
150,000 
874,000 
886.000 
716,000 
770,000 
856,000 


0008, 


,084,000 

541,000 

2,410,1 

2,515,000 

686,000 

174,000 

231,000 

229,000 

89,000 

1,379,000 

2,777,000 

1,782,000 


1,064,000 

2,676,000 

,885,000 

1,494,000 

860,000 

899,000 

95,000 

57,000 

888,000 

602,000 

659,000 

657,000 


1,152,000 
460,000 


1,019,000 
314,000 


845,090 

1,067,000 

2,666,000 

1,615,000 

915,000 

962,000 

658,000 

691,000 

182,000 

94,000 

909,000 

1,584,000 


991,000 
564,000 


MOKTH. 


ISSS. 


ISOl. 


ISOS. 


IMS. 

1S«4. 

1,736,000 

477,000 

2,279,000 

882,000 

3,454,000 

2,999,000 

2.261,000 

3,294,000 

361,000 

1,746,000 

1,967,000 

419,000 

445,000 

62,000 

807,000 

170,000 

130,000 

897,000 

492,000 

191,000 

868,000 

289,000 

582,000 

269,000 

1,190,000 

931,000 

386,000 

228,000 

Mean  for 

30Ye«r8. 

1S75to 

1S04, 

InolusiTe. 


January, 

February 

March,     .       .       .       .       . 
April,       .        .        .        . 

May, 

June, 

July, 

August 

September,     .... 

October, 

November 

December,       .       .        .       . 

Av.  for  whole  year, . 

Av.  for  driest  six  months, 


1,638,000 

8,022,000 

2,604.000 

1^29,000 

1,246,000 

680,000 

281,000 

1,107,000 

869,000 

1,160,000 

1,986,000 

1,799,000 


2,288,000 

1,881,000 

4,206,000 

2,621,000 

611,000 

66,000 

19,000 

-86,000 

94,000 

116,000 

804,000 

220,000 


794,000 
3,800,000 
3,664,000 
1,850,000 
1,812,000 

316,000 

—18,000 

-34,000 

65,000 

186,000 

663,000 
1,096,000 


487,000 
800,000 
2,755,000 
4,204,000 
2,964,000 
758,000 
806.000 
424,000 
806,000 
412,000 
474,000 
2,605,000 


1,460,000 
777,000 


978,000 
98,000 


1,082,000 
194.000 


1,842,000 
445,000 


1,768,000 

1,674,000 

4,199,000 

1,885,000 

743,000 

306,000 

66,000 

186,000 

178,000 

506,000 

444,000 

1,779,000 


1,140,000 
271,000 


1,217,000 

1,861,000 

2.986,000 

2,116,000 

1,141,000 

522,000 

198,000 

291,000 

288,000 

506,900 

868.000 

1,082,000 

1,081,000 

486,000 


EXPERIMENTS 


UPON  THB 


Purification  of  Sewage  and  Water 


AT  THE 


LAWRENCE  EXPERIMENT  STATION, 


During  the  Year  1904. 


[195] 


Experiments  upon  the  Pueification  of  Sewage  and 
Water  at  the  Lawrence  Experiment  Station.* 


By  H.  W.  Clark,  Chemist  of  the  Board. 


In  the  following  report  upon  sewage  purification  the  usual  discussions  in 
regard  to  the  operation  of  the  various  sewage  filters  studied  during  the 
year  are  presented.  Besides  these  discussions  and  the  tables,  showing 
the  results  of  operation  of  these  filters,  various  special  studies  made  during 
the  year  are  also  described.    These  special  studies  have  been  as  follows :  — 

1.  Studies  of  the  storage  of  nitrogen  in  and  its  removal  from  Filters 
Nos.  1  to  10,  inclusive,  together  with  details  in  regard  to  changes  in  man- 
agement of  these  filters  during  the  year  to  cause  a  reduction  of  stored 
nitrogen.  Data  are  presented  to  show  the  results  of  these  changes  in 
removing  nitrogen  and  also  in  improving  the  degree  of  purification  of  the 
applied  sewage. 

2.  A  comprehensive  summary  of  the  nitrogen-disposal  efficiency  of  all 
the  principal  sand  filters  that  have  been  operated  at  the  station  has  been 
prepared,  and  tables  showing  this  work  are  presented.  These  tables  show 
the  amount  of  nitrogen  applied  to  these  filters,  the  amount  oxidized,  the 
amount  of  unoxidized  nitrogen  appearing  in  the  various  effluents,  the 
amount  of  nitrogen  stored  in  the  filters  or  unaccounted  for,  etc. 

3.  In  connection  with  this  study  of  the  nitrogen  stored  and  oxidized 
during  the  filtration  of  sewage,  various  special  filters  have  been  operated 
at  the  station  during  the  year  to  learn  as  much  as  possible  in  regard  to  the 
removal,  without  interrupting  filtration,  of  accumulated  organic  matter.  In 
this  study  much  has  been  learned  in  regard  to  the  different  nature  of  the 
organic  matter  stored  in  filters,  the  ease  with  which  some  of  this  matter  is 
oxidized  and  nitrified,  and  the  difflculty  with  which  the  remainder  is  oxidized 

*  The  work  has  been  carried  on  nnder  the  general  supervision  of  Hiram  F.  Mills,  A.M.,  C.E., 
member  of  the  State  Board  of  Health,  with  the  writer  in  direct  charge.  Mr.  Stephen  DeM.  Gage 
and  Mr.  Geoi^ge  O.  Adams  are  the  principal  assistants  of  the  writer  at  the  station,  and  have  aided 
in  the  preparation  of  this  report.  A  full  accoxmt  of  the  work  done  at  the  Lawrence  Experiment 
station  for  the  jears  1888  and  1889  is  contained  in  a  special  report  of  the  State  Board  of  Health 
upon  the  purification  of  sewage  and  water,  1890.  A  similar  account  of  the  years  1890  and  1891  is 
contained  In  the  twenty -third  annual  report  of  the  Board  for  1891.  Since  1891  the  results  have 
been  published  yearly  in  the  annual  reports. 
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or  removed  by  bacterial  action.  Some  interesting  figures  are  also  pre- 
sented showing,  by  means  of  ignition  of  the  sand  from  the  filters,  the  total 
amount  of  organic  matter  stored  in  Filters  Nos.  1 ,  6  and  9 A. 

5.  Studies  of  the  different  amounts  of  nitrogen  lost  in  the  operation  of 
sewage  filters  of  different  kinds,  —  intermittent  sand  filters,  contact  filters 
and  intermittent  continuous  or  sprinkling  filters ;  that  is,  a  comparison 
of  the  amount  of  nitrogen  applied  to  these  filters  with  that  appearing  in 
their  eflfluents. 

6.  A  review  of  prolonged  studies  of  the  groups  of  bacteria  found  in 
Lawrence  sewage  and  in  the  filters,  and  the  influence  of  these  various 
groups  on  the  work  of  the  filters,  that  is,  upon  the  storage,  oxidation,  loss 
of  and  fixation  of  nitrogen.  In  connection  with  this,  tables  are  presented 
showing  by  means  of  tests  for  B.  coli  the  relative  bacterial  efficiency  of 
the  various  kinds  of  filters. 

7.  Studies  of  the  comparative  value  of  Kjeldahl  and  albuminoid  am- 
monia determinations  of  nitrogen  in  the  examination  of  sewage  and  the 
effluents  of  sewage  filters. 

8.  Studies  of  methods  of  making  measurements  by  means  of  a  new  tur- 
bidity standard  of  the  matter  in  suspension  in  and  settling  out  from  the 
effluents  of  sewage  filters. 

9.  Studies  of  the  rapidity  of  passage  of  sewage  through  intermittent- 
continuous  or  sprinkling  filters,  with  ensuing  purification. 

10.  Studies  of  septic  tanks,  etc. 

Analyses  of  Sewage. 

The  sewage  used  at  the  station  comes  through  a  2^-inch  pipe  about  4,400 
feet  long.  The  matters  in  suspension  in  the  sewage  are  well  disintegrated 
by  passage  through  this  pipe.  As  received  at  the  station  it  is  a  strong  do- 
mestic sewage.  The  following  tables  present  the  result  of  the  usual  analyses 
of  the  various  samples  of  sewage  collected  during  the  year :  ^^  Lawrence 
Street  sewage "  being  the  average  of  samples  collected  weekly  from  the 
sewer  from  which  sewage  is  pumped  to  the  station ;  ^^  Regular  station  sew- 
age "  being  the  average  of  samples  collected  at  the  experiment  station  on 
at  least  four  days  of  each  week ;  ^^  Sewage  applied  to  Filters  Nos.  1,  6  and 
9A "  being  the  average  of  samples  collected  from  all  sewage  applied  to 
these  filters;  and  ^^ Average  sewage"  being  the  average  of  all  sewage 
pumped  on  each  Tuesday  of  the  year.  Determinations  of  the  total  nitro- 
gen and  the  nitrogen  in  solution  have  been  made  by  the  Kjeldahl  method 
during  the  year  in  all  of  these  samples  with  the  exception  of  those  col- 
lected from  the  sewage  applied  to  Filters  Nos.  1,  6  and  9A;  in  these  the 
total  nitrogen  only  was  determined. 
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Lawrence  Street  Sewage, 

[Parts  per  106,000.] 


Temperature 
(Deg.  F.). 

Ammonia. 

NiTBoeaH. 

■ 

1 

NrrBooBN 

AS 

• 

o 
1 

• 

• 

1 

ALBUMINOID. 

• 

1 

1 

5 

a 

ll 

■••4. 

• 

1 

In 
Solution. 

ll 

January, 

62 

2.14 

0.80 

.64 

8.10 

1.99 

9.82 

.081 

.0068 

8.80 

1,420,000 

February, 

61 

2.60 

1.06 

.61 

3.91 

2.96 

12.00 

.124 

.0068 

9.04 

2,025,000 

March, 

46 

2.68 

1.48 

.82 

3.61 

1.77 

8.86 

.098 

.0074 

8.16 

1,640,000 

AprU,  . 

60 

2.28 

0.91 

.61 

2.72 

1.26 

9.24 

.108 

.0066 

6.84 

8,168,000 

May,    . 

58 

2.76 

1.84 

.64 

8.28 

1.62 

13.40 

.160 

.0440 

8.96 

1,800,000 

June,   . 

66 

1.96 

0.80 

.40 

2.88 

1.41 

14.92 

.174 

.0110 

7.91 

1,086,000 

July,    . 

78 

1.96 

0.78 

.46 

2.29 

1.69 

14.10 

.118 

.0106 

6.61 

1,968,000 

AVLgUBtt 

74 

2.16 

0.96 

.66 

2.84 

1.44 

14.87 

.111 

.0148 

8.99 

4,810,000 

September, . 

70 

2.80 

0.88 

.56 

2:84 

1.66 

9.82 

.189 

.0112 

8.90 

8,126,000 

October, 

66 

2.78 

0.99 

.69 

8.86 

2.12 

!l2.21 

.096 

.0118 

9.24 

2,618,000 

November, 

61 

2.49 

0.98 

.63 

2.69 

2.0S 

'  9.99 

1 

.079 

.0103 

10.82 

1,123,000 

December,  . 

68 

8.26 

1.09 

.67 

3.21 

2.81 

i  11.87 

.088 

.0117 

14.46 

2,228,000 

Average 

». 

60 

2.44 

0.99 

.68 

2.92 

1.86 

11.68 

.117 

.0126 

9.01 

2,194,000 

Regular  Station  Sewage. 

[Parts  per  100,000.] 


January, 

February, 

March, 

April, 

May,  . 

June, . 

July,  . 

August, 

September, 

October, 

November 

December 

Average, 


Temperature 
(Deg.  P.). 


58 

49 
60 
61 
69 
65 
72 
71 
65 
66 
63 
46 

68 


Ammonia. 


4.61 
4.79 
4.79 
6.59 
6.02 
4.89 
4.48 
4.61 
4.16 
6.77 
7.18 
5.88 

5.15 


ALBUMINOID. 


0.75 

0.76 
0.74 
1.08 
1.19 
1.23 

0.95 


4 

1 


.35 
.34 
.86 
.49 

.58 
.71 

.47 


Kjbldahl 

NiTBOOBN. 


a 

o 


1.48 
1.77 
1.67 
1.79 
1.44 
1.87 
1.21 
1.88 
1.22 
2.06 
2.73 
3.92 

1.88 


I 

a 


0.79 
0.91 
0.81 
0.89 
0.64 
0.57 
0.64 
0.66 
0.64 
0.94 
1.20 
2.06 

0.87 


I 
I 

o 


s 

H 

o 


9.60 

4.69 

8.27 

6.11 

10.47 

6.48 

10.27 

4.75 

18.90 

3.84 

14.93 

4.37 

16.44 

4.24 

16.39 

4.49 

11.74 

8.98 

14.15 

6.87 

13.07 

6.66 

9.59 

6.64 

12.31 

4.86 

2,226,600 
1,772,000 
1,793,000 
2,106,000 
1,566,000 
1,608,000 
1,248,800 
1,438,300 
1,860,700 
2,476,000 
8,022,000 
2,616,000 

1,927,800 
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Sewage  applied  to  FiUert  Not.  1,  6  and  9A. 

[Parts  per  100,000.] 


Temperature 
(Deg.  F.). 

Ammokia. 

Kjeldahl 
Nitrogen. 

Chlorine. 

Oxygen 
Consumed. 

1904. 

Free< 

Total 
Albuminoid. 

January,  . 

56 

5.80 

0.64 

1.67 

10.13 

5.70 

February, 

69 

4.87 

1.08 

1.79 

9.12 

6.23 

March, 

fi2 

6.20 

0.95 

2.50 

8.46 

6.23 

April, 

64 

6.42 

0.81 

1.82 

11.78 

5.60 

May, 

60 

4.78 

0.68 

1.87 

15.94 

4.19 

June, 

65 

4.88 

0.70 

1.26 

17.26 

4.41 

July, 

72 

8.86 

0.62 

1.24 

14.16 

4.82 

August,    . 

71 

8.8S 

0.68 

1.26 

16.02 

O'ln) 

September, 

66 

8.76 

« 

0.60 

1.16 

18.81 

4.00 

October,    . 

60 

6.13 

0.79 

1.76 

18.77 

5.19 

November, 

66 

8.96 

0.62 

1.69 

8.66 

5.29 

Decemberi 

68 

8.07 

0.55 

1.64 

5.74 

4.46 

Ayerage, 

61 

4.64 

0.72 

1.57 

12.06 

4.97 

Average  Sewage, 
[Parts  per  100,000.] 


Temperature 
(Deg.  F.). 

Ammovia. 

Kjxldaml 

NiTSOOBn. 

• 

8 
1 

1 

1 

H 

o 

:;ubic 

ttdk^k  M 

1 

ALBUMINOID. 

• 

1 

• 

1 

I 

a 

H 

r 

1904. 

• 

i 

In 
Solution. 

January,    . 

67 

4.90 

- 

- 

1.59 

0.80 

10.20 

4.95 

2,763,000 

February, . 

62 

5.27 

- 

- 

1.86 

0.70 

9.02 

6.08 

2,260,000 

March, 

52 

4.38 

- 

- 

1.62 

0.89 

11.40 

6.64 

2,270,000 

April, 

53 

6.77 

- 

- 

1.71 

1.34 

11.31 

6.33 

2,167,000 

May,  . 

60 

5.06 

- 

- 

1.63 

0.68 

14.20 

4.19 

2,016,000 

June, 

66 

4.98 

- 

- 

1.89 

0.60 

13.14 

4.19 

1,760,000 

July,  . 

73 

4.78 

0.80 

.34 

1.61 

0.62 

14.34 

4.62 

1,663,000 

August, 

71 

4.08 

0.66 

.32 

1.37 

0.51 

14.81 

4.66 

1,206,000 

September, 

67 

8.97 

0.79 

.38 

1.32 

0.50 

11.89 

4.82 

1,823,000 

October, 

62 

6.60 

1.28 

.61 

2.40 

1.07 

12.62 

5.44 

3,585,000 

November, 

68 

6.76 

1.28 

.64 

2.90 

1.14 

13.66 

6.92 

2,900,000 

December, 

• 

46 

4.90 

0.87 

.62 

2.94 

1.71 

8.58 

6.26 

2,475,000 

Average,     . 

59 

1 

5.12 

0.95 

.46 

1.85 

0.87 

12.05 

5.11 

2,197,000 
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Nitrogen  Studies. 

Storage  of  Nitrogen  in  and  Removal  from  Filters  Nos.  i,  2,  4,  5,  QA^  10, 
and  Special  Experiments  bearing  upon  the  Operation  of  these  Filters. 

Sand  filtration  is  and  for  many  years  must  remain  the  most  important 
method  of  sewage  purification  in  use  in  Massachusetts.  Much  attention 
is  being  given  to  the  operation  of  the  large  sand  filters  at  the  experiment 
station,  and  studies  are  being  made  of  everything  affecting  the  permanency 
of  these  filters.  From  1893  until  the  present  time  the  filters  have  been 
BO  operated  that  it  has  not  been  necessary  for  purposes  of  sewage  disposal 
to  remove  any  sand  from  their  upper  layers,  although  considerable  was 
removed  during  1892  and  1893,  after  they  had  been  in  operation  for  five 
or  six  years.  Notwithstanding  the  fact,  however,  that  the  surface  sand 
during  the  years  following  1893  has  not  become  clogged  to  such  an  extent 
as  to  make  its  removal  necessary  in  order  that  sewage  may  readily  pass 
into  the  filters,  enough  organic  matter  has  accumulated  to  gradually  cause 
greater  compactness,  and  because  of  this  a  more  solid  freezing  of  the  upper 
6  or  8  inches  in  depth  of  the  sand  in  cold  winter  weather  occurs  than  during 
the  earlier  years.  The  work  of  the  filters  in  summer  has  been  satisfac- 
tory, and  good  purification  of  the  applied  sewage  has  ensued,  but  during 
recent  winters  low  nitrification  and  comparatively  high  free  and  albuminoid 
ammonia  in  the  efiiuents  have  been  the  rule. 

Special  pains  were  taken  to  improve  their  work  by  breaking  this  com 
pact  layer  in  the  fall  of  1903  and  so  arranging  the  surface  of  Filters 
Nos.  1,  6  and  9A  that  the  sewage,  instead  of  being  applied  to  the  whole 
surface,  was  applied  to  a  low  area ;  that  is  to  say,  approximately  3  inches 
in  depth  of  surface  sand  were  removed  from  about  two-thirds  of  the  area 
of  each  of  these  filters  and  piled  up  on  the  remaining  one-third  of  the 
area.  On  account  of  this  arrangement  of  the  surface,  less  ice  formed 
upon  the  filters,  frost  entered  less  deeply,  as  shown  by  various  ex- 
aminations, and  somewhat  better  nitrification  was  obtained  than  during 
several  previous  winters.  The  eflfluents,  however,  were  not  comparable  in 
organic  purity  with  the  efiQaents  obtained  during  earlier  winters,  when  the 
filters  had  been  in  operation  for  a  much  shorter  period  and  were  receiving 
also  much  weaker  sewage.  Early  in  the  spring  of  1904,  Filters  Nos. 
1,  6  and  9 A  were  ridged  and  trenched,  these  trenches  being  about  10 
inches  deep.  In  Filters  Nos.  2  and  4  —  which  for  many  years  have  con- 
tained trenches  filled  with  coarse  sand  to  which  the  sewage  is  applied  — 
new  trenches  were  dug,  which  were  filled  with  clean,  coarse  sand.  The  old 
trenches  of  clogged  and  dirty  sand  were  allowed  to  remain,  but  since  the 
construction  of  the  new  trenches  they  have  not  had  sewage  applied  to  them. 

The  object  of  this  surface  arrangement  was  two- fold :  (1)  improved 
winter  purification  of  sewage,  and  (2)  to  allow  the  disuse  or  resting  of 
large  portions  of  the  upper  sand  in  each  filter  in  order  that  the  organic 
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matter  stored  upon  this  sand  might  be  removed  by  bacterial  oxidation. 
During  the  year  frequent  analyses  have  been  made  of  the  sand  in  order  to 
learn  if  the  nitrogen  in  the  sand  of  the  ridges  was  becoming  less,  and  also 
to  show  the  increase,  if  any,  of  nitrogen  in  the  main  body  of  the  filter. 
As  a  result  of  this  it  has  been  learned  that  a  portion  of  the  stored  organic 
matter  in  each  filter  is  easily  oxidized  and  nitrified  under  favorable  con- 
ditions, but  that  there  is  a  certain  considerable  percentage  of  more  stable 
nitrogenous  organic  matter,  which  is  very  slowly  acted  upon  by  bacterial 
forces.  From  June  4  to  September  1,  the  nitrogen  in  the  sand  of  the  ridges 
in  Filter  No.  1  decreased  as  follows,  as  shown  by  the  analyses  of  samples 

collected :  — 

Decrease  of  Nitrogen  in  Sand  of  FiUer  No,  1, 

[Parts  per  100,000.] 


RiDOB  No. 

ALBVMDrOID  AMMOZriA. 

RiDos  No. 

Albumikoxo  Ammonia. 

June  4. 

Sept.  1. 

June  4. 

Sept.  1. 

1. 

2. 

64.0     * 
71.7 

41.0 
44.2 

8, 
4. 

87.0 
76.0 

61.0 
48.0 

Averaging  these  results  we  find  that  the  albuminoid  ammonia  in  the  sand 
of  the  ridges  decreased  during  these  three  months  from  an  average  of  74.4 
parts  to  an  average  of  46.05  parts  per  100,000,  a  decrease  of  38  per  cent. 
At  the  end  of  November,  three  months  later,  the  average  amount  of  nitro- 
gen determined  as  albuminoid  ammonia  in  the  sand  of  ridges  was  45.9 
parts,  that  is,  almost  exactly  the  same  as  at  the  beginning  of  September, 
although  the  warm  month  of  September  and  the  comparatively  warm 
months  of  October  and  November  were  favorable  to  bacterial  action,  and 
during  these  months  the  effluents  of  these  filters  were  high  in  nitrates. 

Decrease  of  Nitrogen  in  Fitters  Nos.  5,  9 A  and  10. 

The  ridges  of  Filter  No.  6  contained,  on  June  8,  118.5  parts  of  albu- 
minoid ammonia ;  on  August  8, 65.2  parts,  a  decrease  of  45  per  cent. ;  and 
on  November  18,  an  average  of  67.8  parts,  an  apparent  slight  increase 
above  that  found  on  August  8,  but  this  apparent  increase  was  undoubtedly 
due  to  sampling  and  to  the  uneven  distribution  of  nitrogen  in  the  sand. 
The  ridges  of  Filter  No.  9A  contained,  on  June  8,  62  parts  albuminoid 
ammonia ;  on  August  8,  55  parts,  a  decrease  of  10  per  cent,  only ;  and  an 
examination  on  November  15  showed  no  further  decrease. 

On  Jane  3,  1904,  8  inches  in  depth  of  surface  sand  from  Filter  No. 
10  were  removed  and  piled  in  a  thin  layer  by  the  side  of  the  filter,  analyses 
being  made  from  time  to  time,  dates  of  examination  and  results  of  these 
analyses  being  as  follows,  and  showing  a  decrease  of  the  nitrogen  deter- 
mined as  albuminoid  ammonia  of  about  50  per  cent,  in  four  months :  — 
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Decrease  of  Nitrogen  in  Sand  of  Filter  No.  10, 

[Parts  per  100,000.] 


Albuminoid 
Ammonim. 


Junes,     .        .        .  , 
June  15,   . 
July  20,    . 


196.0 
104.0 
109.0 


Albuminoid 
Ammonia. 


August  17, 
August  29, 
October  12, 


114.0 

114.0 

96.0 


Sub-surface  Nitrogen. 

The  following  table  gives  the  amoant  of  nitrogen  determined  aa  albu- 
minoid ammonia  foand  at  different  depths  below  the  surface  ridges  in  Filter 
No.  1  upon  Nov.  28,  1903,  and  Oct.  10,  1904  :  — 

Determinations  of  Nitrogen  in  Sand  of  Filter  No.  I. 

[Parts  per  100,000.] 


ALBmuHoxo  Ammonia. 

Albuminoid  Ammonia. 

Dbpth. 

Nov.  23, 
1903. 

Oct.  10, 
1904. 

Nov.  23, 
1903. 

Oct.  10, 
19(V4. 

6  inches, 

9  inches, 

12  inches, 

16  inches, 

18  inches. 

46.8 
68.6 
18.2 
18.6 
16.8 

47.0 
46.1 
89.0 
14.0 
11.9 

24  inches, 
36  inches, 
48  inches, 
60  inches, 

7.2 
4.9 
8.3 
4.6 

9.2 
6.3 
6.0 
8.4 

Studying  this  table  it  will  be  seen  that  there  was  only  a  slight  increase 
of  stored  nitrogen  during  the  year  1904  in  the  main  body  of  this  filter. 
A  similar  table,  showing  the  amount  of  nitrogen  stored  below  the  surface 
ridges  in  Filter  No.  9A,  Nov.  80, 1908,  and  Oct.  12, 1904,  follows  :  — 

Determinations  of  Nitrogen  in  Sand  of  Filter  No,  9 A, 

[Parts  per  100,000.] 


Albuminoid  Ammonia. 

Bbfth. 

Albuminoid  Ammonia. 

DSPTH. 

Not.  30, 
1903. 

Oct.  12, 
1904. 

Not.  30, 
1903. 

Oct.  12, 
1901. 

6  inches, 

9  inches, 

12  inches, 

16  inches, 

18  inches. 

60.0 

89.6 

11.6 

8.9 

6.7 

69.4 
62.8 
47.6 
29.7 
16.6 

24  Inches, 
36  inches, 
48  inches, 
60  inches. 

6.2 
8.9 
8.6 
3.1 

6.6 
6.0 
4.7 
4.1 
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These  figures  show  a  considerable  increase  in  the  nitrc^en  stored  in  the 
filter  towards  the  end  of  1904  above  that  stored  towards  the  end  of  1908 ; 
bat  analyses  of  samples  from  the  different  depths  in  previous  years  have 
shown  a  considerable  fluctuation  in  the  amount  of  nitr<^en  present  at  these 
depths  from  season  to  season  and  from  year  to  year. 

Special  Studies  upon  Nitrification  and  Removal  of  Nitrogen  by  Means  of 
Filters  constructed  of  Surface  Sand  from  Filters  Nos,  i,  6  and  9A^  etc. 

During  the  year  five  small  filters,  Nos.  265,  266,  267,  268  and  269, 
respectively,  have  been  operated  for  further  study  of  the  removal  of  organic 
matter  from  clogged  sand.  These  filters  were  placed  in  the  laboratory  and 
were  started  early  in  May.  Each  contained  1  foot  in  depth  of  sand.  Filter 
No.  265  was  constructed  of  surface  sand  from  Filter  No.  1,  Filter  No.  266 
of  surface  sand  from  Filter  No.  6,  Filter  No.  267  of  surface  sand  from 
Filter  No.  9A,  Filter  No.  268  of  surface  sand  from  the  sewage  disposal 
area  at  Clinton,  Mass.,  and  Filter  No.  269  was  constructed  of  fresh  clean 
sand.  Each  of  these  filters  was  flooded  with  water,  and  the  rate  of  opera- 
tion of  each  was  80,000  gallons  per  acre  daily.  The  sand  in  Filter  No. 
265  contained  at  the  beginning  of  the  experiment  144.7  parts  of  albu- 
minoid ammonia;  the  sand  in  Filter  No.  266,  118.5  parts  of  albuminoid 
ammonia ;  the  sand  in  Filter  No.  267,  59.3  parts  albuminoid  ammonia ;  and 
the  sand  in  Filter  No.  268,  61.8  parts  albuminoid  ammonia  per  100,000. 
Tables  showing  the  results  of  analyses  of  efiiuents  of  these  filters  are 
given  below. 

Nitrification  started  immediately  in  Filter  No.  265,  containing  sand  from 
Filter  No.  1,  and  at  the  end  of  a  week  of  operation  the  efiiuent  of  this 
filter  contained  15  parts  of  nitrates  per  100,000.  In  Filter  No.  266  nitri- 
fication also  started  immediately,  but  was  not  so  intense  as  in  Filter  No. 
265.  However,  at  the  end  of  a  week  the  efiiuent  of  this  filter  contained 
over  5  parts  of  nitrates  per  100,000.  In  Filter  No.  267,  containing  the 
finer  sand  from  Filter  No.  9A,  nitrification  did  not  become  particularly 
active  until  a  month  had  elapsed,  when  its  eflSuent  contained  8.5  parts  of 
nitrates  per  100,000,  this  being  the  maximum  amount  reached  during  the 
operation  of  this  filter.  Filter  No.  268,  constructed  of  sand  from  the 
Clinton  area,  was  very  irregular  in  its  action,  nitrification  beginning  imme- 
diately, but  changing  quickly  from  high  to  low  nitrification  and  vice  versa. 
Results  similar  to  these  are  obtained  at  the  Clinton  area. 

The  particularly  noticeable  fact  learned  by  the  operation  of  these  filters 
was  that,  from  each  sand,  a  large  amount  of  the  stored  nitrogenous  organic 
matter  was  removed  at  the  end  of  two  months  of  operation,  but  at  the  end 
of  seven  months  but  little  further  removal  had  occurred ;  that  is  to  say,  — 
as  shown  also  by  the  experiment  in  ridging  and  trenching  Filters  Nos.  1,  6 
and  9 A, — much  of  the  stored  organic  matter  was  easily  oxidized,  but 
there  was  a  residual  amount  of  stable  organic  matter  stored  upon  the  sand 
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that  was  very  slowly  changed  by  bacterial  action.  Daring  the  entire  period 
of  operation,  even  after  nitrogen  removal  had  practically  ceased,  some 
nitrification  i^as  occarring  in  the  filters,  and  conditions  were  favorable  for 
nitrogen  removal,  as  the  filters,  being  in  the  laboratory,  were  always  warm. 

The  redaction  of  nitrogen  in  the  sand  of  Filter  No.  265  in  two  months, 
as  shown  by  albuminoid  ammonia  determinations,  was  from  144.7  to  42.7 
parts  per  100,000  of  albuminoid  ammonia,  or  70.5  per  cent. ;  but  at  the 
end  of  four  months  and  eight  months  the  amoant  found  in  the  sand  was 
still  42  and  43  parts,  respectively,  although  throughout  this  latter  period 
nitrates  averaging  0.5  part  per  100,000  were  found  in  the  efiQuent  of  this 
filter,  as  shown  in  a  following  table. 

Practically  the  same  results  were  given  by  Filters  Nos.  266, 267  and  268. 
A  reduction  in  albaminoid  ammonia  in  the  sand  in  Filter  No.  266  from  118.5 
to  53  parts  per  100,000,  or  55  per  cent.,  occurred  in  two  months,  and  at  the 
end  of  eight  months  of  operation  there  were  still  53  parts  of  albaminoid 
ammonia  present  in  this  sand,  although  the  eflSuent  had  continued  to  con- 
tain nitrates  in  considerable  amounts.  Filter  No.  267  showed  a  reduction 
from  59  to  41  parts  per  100,000,  or  SO  per  cent.,  in  two  months,  and  at 
the  end  of  eight  months  no  further  decrease  had  occurred.  Filter  No.  268 
showed  a  reduction  from  61  parts  to  43  parts  per  100,000,  or  30  per  cent., 
at  the  end  of  two  months,  and  at  the  end  of  four  and  eight  months  43  and 
35  parts  of  albuminoid  ammonia  per  100,000  were  found,  respectively. 

The  following  tables  show  the  actual  amount  of  nitrogen  removed  from 
the  sand  of  each  filter,  as  shown  by  analyses  of  the  sand,  and  found  present 
in  the  efliuents,  as  shown  by  analyses  of  these  efliuents,  as  free  ammonia, 
nitrates  and  nitrites.  It  will  be  seen  that  the  amount  found  in  the  efliuent 
of  Filter  No.  265  was  only  about  18  per  cent,  of  the  total  amount  removed ; 
with  Filter  No.  266  the  amount  of  nitrogen  accounted  for  in  this  way  was 
23  per  cent,  of  the  total  amount  removed,  and  with  Filter  No.  267,  71  per 
cent.,  these  results  showing  that  much  nitrogen  escaped  into  the  air  as 
the  result  of  the  work  of  nitrogen-liberating  bacteria  undoubtedly  present 
in  large  numbers  in  each  filter. 

Tables  showing  the  Amount  of  Nitrogen  in  the  Sand  of  Filters  Nos.  265^  266, 
267  and  268  at  Different  Periods  and  the  Amount  of  Nitrogen  appearing  in 
the  Effluents, 

Total  Nitrogen,  in  Grams,  in  the  Sand  of  Filters  Nos.  265,  266^  267  and  268  at  Different 

Periods  of  Operation. 


19«4-1»«9. 


FUter  No.  265. 


FUter  No.  266. 


FUter  No.  267. 


Filter  No.  268. 


Beginning  of  operation, 
July  96, 
AngaU29,  . 
Deoembor  1ft, 
Match  1,     .        .       . 


1.780 
0.92ft 
0.618 
0.687 
0.921 


1.080 
0.480 
0.482 
0.482 
0.407 


.576 
.402 
.419 
.449 


.662 
.460 
.464 
.878 
.882 
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Tables  showing  the  Amount  of  Nitrogen  in  the  Sand  of  Filters  Nos.  266^  266^ 
267  and  268  at  Different  Periods  and  the  Amount  of  Nitrogen  appearing  in 
the  Effluents — Concladed. 

Amount  of  Nitrogen,  in  Orams,  removed  from  Filters  Noe.  265,  266,  267  and  268,  and  ap- 
pearing in  their  Ejffluents  as  Free  Ammonia,  Nitrates  and  Nitrites. 


1904-190S. 


May,   . 
June,  . 
July,  . 
August, 
September, 
October, 
November, 
December, . 
January,    . 

Total,   . 


FQtar  No.  265. 


Filter  No.  266. 


Enter  No.  267. 


FUter  No.  268. 


.066 
.062 
.068 
.017 
.012 
.009 
.009 
.007 
.005 


.884 


.018 
.046 
.086 
.017 
.011 
.006 
.006 
.004 
.008 


.188 


.088 
.028 
.088 
.004 
.002 
.002 
.002 
.008 
.008 


.124 


.006 
.019 
.014 
.008 
.006 
.004 
.004 
.008 
.008 


.061 


Various  efforts  were  made,  after  removal  of  nitrogen  had  practically 
ceased,  to  cause  a  more  rapid  oxidation  of  the  stable  organic  matter  in 
these  filters,  that  is,  to  increase  nitrification.  Lime,  potassium  carbonate, 
sodium  chloride,  hydrochloric  acid  in  minute  amounts,  etc.,  were  experi- 
mented with  and  added  to  the  sewage  at  different  times  in  order  to  cause, 
if  possible,  increased  activity  of  the  nitrifying  organisms,  but  these  efforts 
were  not  successful.  River  water  was  also  used  in  order  to  be  sure  that 
the  nitrifying  organism  was  passed  to  each  filter,  and  finally  river  water 
containing  1  per  cent,  of  sewage.  Cultures  of  bacteria  were  also  intro- 
duced. All  this  was  without  effect,  however,  and  while  nitrification 
remained  comparatively  uniform  in  several  of  these  filters,  it  was  low,  not- 
withstanding the  large  amount  of  organic  matter  remaining  upon  the  sand.*^ 


Conclusions, 

All  this  work  upon  the  removal  of  oi*ganic  matter  has  clearly  shown  that 
by  systematic  resting  of  large  amounts  of  the  upper  sand  of  sewage  filters 
a  considerable  percentage  of  the  nitrogenous  organic  matter  can  be  re- 
moved by  bacterial  means,  especially  when  the  filters  have  been  in  use  for 
many  years  and  the  organic  matter  accumulated  upon  this  sand  has  under- 
gone long-continued  bacterial  working  over ;  but  it  has  also  clearly  shown 
the  stable  nature  of  a  large  percentage  of  this  organic  matter.  Un- 
doubtedly, however,  a  portion  of  the  stable  organic  matter  now  present 
on  the  sand  will,  in  the  course  of  time,  become  of  a  nature  as  easily 
oxidized  as  that  shown  to  be  readily  oxidized  during  the  past  year,  but  a 
portion  is  probably  as  stable  as  humus.     In  other  words  it  is  stable  as  soil 

*  Daring  1906  it  has  been  proved  that  if  easily  nitrified  but  sterile  nitrogen  is  added  to  these 
filters,  nitrification  will  become  active  within  them,  but  practically  ceases  again  when  this  easily 
nitrified  nitrogen  is  exhausted.    This  will  be  discussed  in  a  future  report. 
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nitrogen  which  remains  year  after  year  at  practically  the  same  point  unless 
exhausted  by  severe  cropping.  It  is  part  of  the  residual  organic  matter 
remalDing  after  that  easily  chaoged  has  been  removed  by  bacterial  action. 
With  the  constant  accumulation,  caused  by  regular  application  of  sewage, 
it  will  be  difficult  to  lessen  the  actual  amount  of  this  residual  matter  present 
in  the  entire  body  of  the  filter ;  that  is  to  say,  while  ridging  will  allow  the 
resting  of  a  portion  of  the  sand,  this  ridging  renders  it  necessary  to  apply 
the  sewage  to  lower  depths  of  the  filter,  and  the  consequent  more  rapid 
accumulation  of  organic  matter  at  these  depths  than  would  otherwise 
occur. 

TaWes  of  Analyses  of  Effluents  of  Filters  Nos.  266, 266,  267,  268  and  269. 

FiUer  No.  266. 

Constructed  of   1   foot  of  sand  from  the  surface  of    Filter  No.    1. 

Flooded  daily  with  water  at  the  rate  of  30,000  gallons  per  acre  daily. 

Effluent  clear.     The  albuminoid  ammonia  of  this  sand  at  the  start  was 

144.7  parts  per  100,000  parts,  and  after  being  flooded  sixty  times  was  42.7 

parts. 

Average  Analyses. 

[Parts  per  100,000.] 


1»«4. 


Free 
Ammonia. 


May  20,  . 
May  SI,  . 
May  88,  . 
May  24,  . 
May  86,  . 
May  28,  . 
May  31,  . 
Jane, 
July, 
August,  . 
September, 
October, 
November, 
December, 


1.2B0O 
1.17S0 
1.9000 
1.6000 
0.7600 
0.1800 
0.0600 
0.0600 
O.OlfiO 
0.0100 
0.0275 
0.0480 
0.0860 
0.0290 


NiTROeHK  A8 


Nitrates. 


6.89 

1.40 

5.40 

8.32 

12.18 

15.10 

15.53 

6.93 

2.75 

1.17 

0.71 

0.68 

0.65 

0.46 


Nitrites. 


.1000 
.0300 
.0600 
.0800 
.0160 
.0040 
.0240 
.0080 
.0018 
.0000 
.0002 
.0004 
.0002 
.0010 


Alkalinftt  bt 


Methyl- 
Orange. 


CWOein. 


1.0 
0.6 
-0.6 
—0.7 
0.4 
0.5 
0.3 
0.3 


-0.7 
—0.2 
0.4 
0.5 
0.8 
0.3 


October  27,  mixed  water  cultures  of  bacteria  with  ammonifying,  denitrifying  and  nitrogen 
liberating  power  applied.    Beginning  December  16  filter  flooded  with  river  water. 


Filter  No.  266. 

Constructed  of  1  foot  of  sand  from  the  surface  of  Filter  No.  6.  Flooded 
daily  with  water  at  the  rate  of  30,000  gallons  per  acre  daily.  Effluent 
clear.  The  albuminoid  ammonia  of  this  sand  at  the  start  was  118.5  parts 
per  100,000  parts.  Albuminoid  ammonia  after  being  flooded  sixty  times 
was  52.8  parts. 
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Average  Analyses, 

[Parts  per  100,000.] 


!••«. 


Free 
Ammonift. 


May  20,   . 
May  81,   . 
May  28,  . 
May  24,  . 
May  26,   . 
May  28,  . 
May  81,   . 
June, 
July, 
August,  . 
September, 
October, 
Noyember, 
Deoember, 


.WOO 
.9400 
.1800 
.2600 
.IfiOO 
.0600 
.0600 
.0567 
.0676 
.0200 
.0226 


.0180 
.0300 


NiTEOOSM  AS 


Nitrates. 


0.68 
1.40 
2.86 
1.82 
1.68 
6.06 
1.26 
8.19 
2.60 
1.21 
0.77 
0.42 
0.86 
0.27 


Nitrites. 


.0900 
.0800 
.0200 
.0800 
.0000 
.0020 
.0080 
.0000 
.0018 
.0002 
.0000 
.0006 
.0006 
.0026 


Alkalikitt  bt 


Methyl- 
Orange. 


Oallein. 


0.7 

-0.4 

-0.7 

—0.6 

0.8 

0.8 

0.6 

0.6 


—0.4 
—0.4 
0.8 
0.8 
0.6 
0.6 


Beginning  Oct.  27,  1904,  Filter  No.  266  flooded  with  eolation  of  6  parts  chlorine  as  sodium 
chloride.  December  7  discontinued  flooding  Alter  with  sodium  chloride.  Began  flooding  with 
distilled  water.    Beginning  December  16  Alter  flooded  with  river  water. 

Filler  No.  267. 

Constructed  of  1  foot  of  sand  from  the  surface  of  Filter  No.  9A. 
Flooded  daily  with  water  at  a  rate  of  30,000  gallons  per  acre  daily.  Effluent 
was  turbid  and  colored  with  Iron  until  June  7,  when  it  became  clear.  The 
albuminoid  ammonia  of  this  sand  at  the  start  was  59.3  parts  per  100,000 
parts,  and  after  being  flooded  sixty  times  was  41.3  parts. 

Average  Analyses. 
[Parts  per  100,000.] 


1904. 


Free 
Ammonia. 


May I      5.9000 

June, I      0.4476 


July, 
August,  . 
September, 
October, . 
November, 
Deoember, 


0.0500 
0.0760 
0.0268 
0.0888 
0.0180 
0.0900 


NrraoGSK  as 


Nitrates. 


Nitrites. 


0.21 
1.29 
1.66 
0.20 
0.14 
0.10 
0.14 
0.18 


.0900 
.0103 
.0010 
.0002 
.0000 
.0007 
.0004 
.0006 


ALXALnrrrT  bt 


Methyl- 
Orange. 


Oallein. 


14.8 
8.8 
—8.1 
1.0 
2.1 
2.0 
1.7 
1.0 


—2.0 
0.8 
1.0 
1.9 
1.7 
1.0 


Beginning  Oct.  27, 1904,  Filter  No.  267  flooded  with  a  solution  of  4.4  parte  potassium  carbonate. 
December  7  discontinued  flooding  fllter  with  potassium  carbonate  solution  and  began  flooding  with 
distlUed  water.    Beginning  December  16  fllter  flooded  with  river  water. 
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FUler  No,  268. 

Constructed  of  1  foot  of  sand  from  the  Clinton  sewage-disposal  area. 

Flooded  with  water  at  rate  of  30,000  gallons  per  acre  daily.     Effluent 

clear.     The  albuminoid  ammonia  of  this  sand  at  the  start  was  61.33  parts 

per  100,000  parts,  and  after  being  flooded  fifty-three  times  was  42.70  parts. 

Average  Analyses, 

[Parte  per  100^000.] 


1904. 


May, 

June, 

July, 

AugHBt,  . 

September, 
October, 
Kovember, 
December, 


Free 
Ammonia. 


.0967 
.0600 
.0825 
.0200 
.0218 
.0400 
.0420 
.0850 


NlTROOBK  Ag 


Nitrates. 


Nitrites. 


5.14 
1.31 
1.02 
0.22 
0.87 
0.24 
0.24 
0.22 


.0087 
.0010 
.0025 
.0022 
.0008 
.0018 
.0010 
.0006 


Alkalinity  bt 


Methyl- 
Orange. 


GaUeln. 


0.4 
1.1 
1.6 
1.8 
1.7 
1.0 
0.5 
0.8 


1.2 
0.7 
l.ft 
0.9> 
0.5 
0.7 


Beginning  Oct.  27, 1904,  Filter  No.  268  flooded  with  a  aolation  of  1.2  parte  hydrochloric  acid. 
December  7  discontinued  flooding  with  hydrochloric  acid  solution  and  began  flooding  with  dis- 
tilled water.    Beginning  December  16  Alter  flooded  with  river  water. 


FilUr  No,  269. 

Constructed  of  1  foot  of  clean  sand.     Flooded  with  regular  sewage  at 
rate  of  30,000  gallons  per  acre  daily. 


July, 

August,  . 

September, 

October, 

November, 

December, 


1004. 


Average  Analyses, 

[Parte  per  100,000.] 


Free 
Ammonia. 


0.5850 
0.2680 
0.3650 
1.5988 
2.7867 
1.8250 


NiTBOOKN   AS 


Nitrates. 


3.09 
2.68 
2.66 
2.98 
2.50 
7.47 


Nitrites. 


.0775 
.1674 
.0173 
.0050 
.0158 
.0150 


Alkalinity  bt 


Methyl- 
Orange. 


8.1 
1.0 
1.4 
2.0 

0.1 


Gallein. 


2.7 
0.8 
1.4 
1.9 
—0.5 
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A  Study  of  the  Work  accomplished  by  Sand  Filters  in  the  Disposal  of 
Nitrogen^  including  Figures  showing  Nitrogen  applied^  Nitrogen  oxidized ^ 
Nitrogen  not  appearing  in  the  Effluent^  Nitrogen  stored  in  the  Sand^  etc. 

In  the  parification  of  sewage  by  sand  filtration  good  nitrification  must 
ensue  if  a  purified  eflSuent  is  to  be  obtained  and  the  filters  be  reasonably 
permanent,  that  is,  suitable  to  accomplish  good  work  year  after  year.  This 
is  especially  so  if  the  filters  are  operated  in  a  manner  similar  to  that  fol- 
lowed at  the  experiment  station, *a8  at  the  station  no  solid  matter  strained 
out  from  the  sewage  by  the  filter  is  removed  from  the  surface  of  the  filter ; 
:and,  in  fact,  with  sewage  of  the  character  of  that  at  the  station,  practically 
all  matters  pass  below  the  surface  of  the  sand.  At  many  of  the  filtration 
areas  in  the  State,  however,  which  receive  fresh  sewage  containing  much 
organic  matter  only  slightly  disintegrated,  a  large  amount  of  material 
strains  out  upon  and  is  removed  from  the  surface  of  the  filter  beds  or  is 
settled  out  and  passed  to  sludge  beds ;  and  this  removal  lessens  the  work 
that  must  be  accomplished  by  the  filter  itself,  as  a  smaller  amount  of 
organic  matter  has  to  be  oxidized  or  nitrified  within  the  body  of  the  filter. 
The  Lawrence  Experiment  Station  sewage  contains  as  much  suspended 
organic  matter  as  most  of  the  sewages  of  the  towns  and  cities  of  the  State 
liaving  filtration  areas,  but  as  this  matter  is  very  finely  divided  and  largely 
passes  into  the  upper  layers  of  sand  in  the  filters,  nitrification  must  average 
much  greater  than  at  the  municipal  areas.  A  comparison  of  the  per  cent, 
of  oxidized  nitrogen  present  in  the  efiOiuents  of  the  Lawrence  filters  and 
in  the  efiSuents  of  the  municipal  filters  shows  the  truth  of  this  statement. 
(For  tables  see  pages  212  to  216,  inclusive,  and  page  224.) 

A  study  of  the  percentage  of  the  actual  amount  of  nitrogen  applied  to 
Lawrence  sand  filters  that  appears  in  their  efiSuents  (1)  in  an  oxidized 
condition,  (2)  in  an  unoxidized  condition  and  (3)  of  the  percentage  of  the 
applied  nitrogen  removed  by  the  filter,  etc.,  has  been  made,  and  the  re- 
sults obtained  are  given  in  following  tables.  It  is  evident  from  this  study 
that  the  average  amount  of  the  applied  nitrogen  that  is  nitrified  while 
the  sewage  is  passing  through  the  Lawrence  filters  is  between  50  and  55 
per  cent.  These  tables  also  show  clearly  that  when  the  sand  filters  at 
Lawrence  were  first  put  into  operation  the  percentage  of  nitrogen  nitrified 
in  the  filter  was  generally  much  smaller  than  when  the  filter  had  been 
better  seeded  with  nitrifying  organisms.  During  the  first  year  or  two  of 
operation,  also,  a  very  much  larger  percentage  of  the  applied  nitrogen 
was  stored  in  the  filter  than  during  subsequent  years,  and  hence  a  smaller 
percentage  of  unoxidized  nitrogen  appeared  in  the  eflSuents  of  these  filters 
than  during  subsequent  years.  For  example,  Filter  No.  1,  during  its  first 
year  of  operation,  as  shown  in  a  following  table,  stored  or  otherwise  re- 
moved from  the  applied  sewage  63  per  cent,  of  its  nitrogen,  that  is  to  say, 
only  37  per  cent,  of  the  nitrogen  applied  appeared  oxidized  and  unoxidized 
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in  the  filter  efi^aent.  With  Filter  No.  2,  68  per  cent,  of  the  nitrogen 
applied  daring  the  first  year  of  operation  and  58  per  cent,  of  the  nitrogen 
applied  daring  the  second  year  of  operation  did  not  appear  in  the  efiSnent 
of  the  filter.  With  Filter  No.  4,  81  per  cent,  of  the  nitrogen  applied 
daring  the  first  year  and  75  per  cent,  of  that  applied  daring  the  second 
year  did  not  appear  in  the  effluent  of  the  filter.  With  Filter  No.  6,  70  per 
cent,  of  the  nitrogen  applied  daring  the  first  year  did  not  appear  in  the 
filter  efiQaent,  and  with  Filter  No.  9 A,  75  per  cent,  of  the  nitrogen  applied 
daring  the  first  year  did  not  appear  in  its  efflaent.  Taking,  however,  the 
entire  series  of  years  of  operation  of  these  filters  np  to  the  end  of  1904,  the 
average  amoant  of  the  applied  nitn^en  not  appearing  in  the  efflnents  has 
been  28  per  cent,  for  Filter  No.  1,  35  per  cent,  for  Filter  No.  2,  46  per 
cent,  for  Filter  No.  4,  84  per  cent,  for  Filter  No.  6,  and  29  per  cent,  for 
Filter  No.  9A. 

Daring  the  first  years  of  operation  of  these  filters  the  average  percent- 
age of  the  applied  nitrogen  that  appeared  as  nitrates  in  the  efiOinents  was 
considerably  less  than  daring  sabseqaent  years,  as  shown  by  the  tables. 
For  instance,  daring  the  first  fall  calendar  year  of  operation  of  Filter  No. 
2  the  percentage  of  the  applied  nitrogen  appearing  as  nitrates  in  its 
ef^uent  was  41,  althoagh  the  average  for  the  entire  period  of  operation  np 
to  the  end  of  1904  has  been  nearly  53.  The  nitrates  for  the  first  fall  year 
of  operation  of  Filter  No.  4  contained  23.6  per  cent,  of  the  applied  nitrogen, 
while  the  average  for  the  entire  period  ap  to  date  is  48  per  cent.,  and  similar 
fignres  are  shown  by  the  other  sand  filters  studied. 

As  the  filters  became  older,  that  is,  as  they  were  continued  in  use  year 
after  year,  the  percentage  of  applied  nitrogen  appearing  as  nitrates 
increased.  In  different  years  from  65  to  77  per  cent,  of  the  applied  nitro- 
gen appeared  as  nitrates  in  the  filter  efSuent,  high  nitrification  follow- 
ing the  rejuvenating  of  Filters  «Nos.  1,  6  and  9 A  in  1893,  the  year  when 
clogged  surface  sand  was  last  removed.  Notwithstanding  this  increase  in 
nitrification,  however,  there  was  a  considerable  increase  year  after  year  in 
the  amount  of  unoxidized  nitrogen  appearing  in  the  effluents,  this  fact  being 
probably  in  a  large  measure  accounted  for  by  the  increased  strength  of  the 
sewage,  that  is,  a  larger  amount  of  nitrogen  was  applied  to  the  filters  each 
year.  In  each  of  the  tables  following,  giving  the  nitrogen  results  of  this 
study  of  the  various  filters,  are  columns  showing  the  average  nitrogen  in 
parts  per  100,000  in  the  applied  sewage,  and  also  the  ^^ units"  of  applied 
nitrogen,  the  "  units"  being  obtained  by  multiplying  the  average  parts  of 
nitrogen  per  100,000  in  the  applied  sewage  by  the  rate  of  operation  of  each 
filter  in  thousand  gallons  per  acre  daily. 

Summarizing  this  work  the  following  conclusions  can  be  drawn  :  — 

1.  With  new  sand  filters  a  smaller  percentage  of  the  applied  nitrogen 
appears  in  the  effluent  than  when  the  filters  have  been  operated  for  a  con- 
siderable period. 
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2.  With  filters  producing  eminently  satisfactory  purification,  as  Filtera 
Nos.  2  and  4,  daring  many  of  the  years  included  in  the  table,  the  average 
amount  of  nitrogen  appearing  in  the  effluents  as  nitrates  is  but  little  more 
than  50  per  cent,  of  the  nitrogen  in  the  applied  sewage. 

3.  This  being  so,  it  is  clear  that,  if  a  filter  is  not  ultimately  clogged 
by  stored  nitrogenous  organic  matter,  either  removal  of  this  matter  must 
be  resorted  to,  together  with  a  removal  of  some  of  the  filtering  material,  or 
a  removal  by  bacterial  actions  independent  of  and  differing  from  those  of 
nitrification  must  be  depended  upon. 

4.  Much  of  the  increase  of  unoxidized  nitrogen  in  the  effluent  of 
the  sand  filters  has  been  due  to  the  increase  of  applied  nitrogen  year  by 
year  and  the  accumulation  of  stable  organic  matter  in  the  filter. 

On  account  of  the  application  of  this  larger  amount  of  nitrogen  two 
results  ensue :  (1)  an  amount  of  nitrogen  in  solution  greater  than  can  be 
easily  and  completely  changed  by  bacterial  action  during  the  period  of 
passage  of  the  sewage  through  the  filter,  and  (2)  an  amount  of  stable 
organic  matter  in  suspension  in  the  sewage  is  strained  out  and,  accumu- 
lating in  the  upper  sand  of  each  filter,  causes  unfavorable  conditions, 
especially  in  winter,  on  account  of  the  resultant  increased  compactness 
of  these  upper  layers. 

Differing  bacterial  flora  in  the  filter  due  to  increase  in  stored  organic 
matter  and  continued  use  of  the  filter  may  also  be  an  important  factor. 


Filter  No.  1.  —  Table  showing  Nitrogen  applied  and  Nitrogen  Changes. 

[Sewage  applied :  "  Sewage  for  Filter  No.  1."] 


Volume 
of  Bewwe 

applied 
(Thousand 

OaUons 
per  Acre 

Daily). 

NlTBOOBN  APPLZXD. 

Pas  Cbht.  or  Applibd  Niteoobx. 

Farts  per 
100,000. 

47nite. 

Not 
appearing 

in 
Siflaent. 

iH  arrLDBMT. 

Oxidised. 

Un- 
oxidized. 

1888,*  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 

1894,  . 
1896,    . 

1896,  . 

1897,  . 

1898,  . 

1899,  . 

1900,  . 

1901,  . 

1902,  . 
1908,    . 
1904,    . 

03.4 
68.6 
S4.2 
115.8 
124.1 
105.9 
70.8 
67.4 
56.8 
62.1 
60.5 
64.8 
61.9 
67.2 
66.6 
72.0 
64.9 

8.70 
2.71 
2.92 
8.32 
8.78 
3.66 
4.47 
4.06 
4.81 
4.96 
4.29 
4.32 
4.95 
5.40 
4.96 
4.84 
6.11 

144 
172 
246 
383 
469 
389 
314 
274 
278 
808 
269 
287 
267 
809 
280 
849 
886 

63.0 
40.9 
47.0 
61.1 
48.2 
28.3 
17.0 

9.4 
28.6 
33.1 
27.8 
27.1 
81.7 
24.8 
18.6 

8.7 
21.2 

29.6 
65.4 
46.6 
89.6 
40.7 
58.7 
71.1 
68.5 
68.1 
66.0 
62.0 
69.6 
66.8 
84.8 
46.0 
58.1 
54.6 

7.4 

3.7 

6.6 

9.8 

11.1 

18.0 

11.9 

22.1 

8.3 

11.9 

10.2 

18.4 

18.0 

40.4 

36.4 

83.2 

24.2 

Averag 

e,     . 

i 

• 

71.8 

4.25 

308 

28.6 

68.4 

18.1 

*  Filter  started  Jan.  10, 1888. 
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FiLTKB  No.  3.—  Tabi«  thawing  Nitrogen  applied  and  Nitrogen  Change*. 

[Sewage  applied :  "  Sewage  for  Filter  No.  1."] 


Volume 
of  Sewaffe 

applied 

(Tboonnd 

Oallona 

per  Acre 

DaUy). 

NlTKOOIH  iOTLISD. 

Pnt  Gbst.  or  Apflixd  NirsoaiN. 

Parte  per 
100,0(X). 

Unite. 

Not 
appearing 

in 
EfBuent. 

XX  mwwhvwxT, 

Oxidized. 

Un- 
ozidised. 

1888,*  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 
180S,    . 
1894,    . 
1896,    . 

1896,  . 

1897,  . 

1898,  . 

1899,  . 

1900,  . 

1901,  . 

1902,  . 
1908,    . 
1904,    . 

28.2 
82.0 
60.6 
60.8 
24.6 
40.8 
48.9 
83.7 
87.0 
87.0 
88.8 
84.4 
83.8 
86.8 
81.2 
84.7 
82.6 

2.70 
2.71 
2.92 
8.82 
8.78 
8.66 
4.47 
4.06 
4.81 
4.96 
4.29 
4.82 
4.96 
6.40 
4.96 
4.84 
6.11 

76 
87 
174 
169 
98 
147 
196 
187 
178 
188 
164 
149 
167 
196 
164 
168 
199 

68.6 
68.8 
48.2 
69.0 
47.9 
24.9 
88.0 
21.0 
26.0 
46.6 
41.8 
40.0 
26.7 
88.4 
18.7 
9.8 
86.6 

26.2 
40.6 
66.8 
81.8 
88.4 
67.6 
68.9 
66.0 
68.1 
49.8 
68.8 
61.2 
67.0 
44.8 
63.7 
66.6 
88.1 

6.8 

1.1 

1.0 

9.2 

13.7 

7.6 

8.1 

18.0 

6.9 

4.2 

4.4 

8.8 

7.8 

21.8 

27.6 

24.2 

26.8 

Averag 

•e,     . 

■ 

»              • 

87.0 

4.26 

167 

86.2 

62.6 

12.2 

*  Filter  started  Dec.  19, 1887. 


FiLTEB  No.  4.  —  Table  showing  Nitrogen  applied  and  Nitrogen  Changes, 

[Sewage  applied :  **  Average  Sewage  for  Filters  Nob.  1, 6  and  9A.'*] 


Volume 
of  Bewaae 

applied 
(Thousand 

Gallons 
per  Acre 

Daily). 

NrraooiH  applibd. 

Put  GsHT.  ov  Aptluu)  Nmoeair. 

Parte  per 

ioo,oob. 

Unite. 

Not 
appearing 

in 
Effluent. 

nr  vnujwam. 

Ozidiied. 

Un- 
oxidized. 

1888,*. 

1889,  . 

1890,  . 

1891,  . 

1892,  . 
1896,    . 
1894,    . 
1896,    . 

1896,  . 

1897,  . 
189R.    . 
1890,    . 

1900,  . 

1901,  . 

1902,  . 
1906,    . 
1904,    . 

28.7 
20.0 
83.2 
41.4 
41.8 
82.3 
20.1 
16.8 
19.0 
19.4 
19.8 
16.8 
17.8 
20.4 
19.6 
18.2 
18.0 

2.70 
2.71 
2.92 
8.82 
8.87 
8.81 
4.47 
4.60 
6.01 
6.01 
4.80 
4.01 
6.06 
6.60 
4.96 
4.84 
6.11 

76 
64 

97 

187 

162 

128 

90 

78 

96 

97 

88 

68 

90 

112 

97 

88 

110 

80.8 
76.8 
66.8 
68.8 
68.7 
68.8 
66.0 
63.6 
39.7 
89.3 
46.0 
46.7 
88.9 
41.8 
14.6 
80.1 
89.8 

8.1 
28.6 
48.6 
48.6 
17.6 
88.0 
84.2 
44.8 
66.6 
68.6 
62.8 
61.1 
64.6 
49.8 
62.2 
64.1 
66.3 

ll.l 
1.1 
0.7 
3.1 

13.7 
3.2 
9.8 
1.7 
4.8 
2.2 
1.2 
2.2 
l.« 
8.9 

23.2 
6.8 
4.4 

Ayerag 

e, 

• 

»              • 

28.6 

4.81 

102 

46.4 

47.8 

6.8 

*  Filter  started  Dec.  19, 1887. 
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Filter  No.  6 A.  —  T<ible  showing  Nitrogen  applied  and  Nitrogen  Changes, 

[Sewage  applied:  "  Ayerage  Sewage  for  Filters  Nob.  1, 6  and  9A."J 


1891,*  . 

1892,  . 

1893,  . 

1894,  . 

1895,  . 

1896,  . 

1897,  . 
1898.t  .        . 

Average, 


Volume 
of  Sewaffe 

applied 
(Thousand 

Gallons 
per  Acre 

DaOy). 


64.0 
94.4 
119.2 
90.6 
68.8 
66.1 
68.8 
83.2 


79.3 


NrraoosH  AmoD. 


Parts  per 
100, 


is  pel 
),000. 


5.15 
8.87 
8.81 
4.47 
4.60 
6.01 
6.01 
4.10 


4.60 


Unite. 


880 
ooo 
464 

406 
814 
281 
295 
841 


367 


Pnt  Cbht.  or  Applibd  NiraoesN. 


Not 
appearing 

in 
Bffluent. 


76.2 
48.1 
82.6 
28.7 
28.1 
16.8 
26.8 
86.6 


36.5 


iH  vrrhJJwsT. 


Oxidised. 


17.2 
30.2 
48.0 
60.6 
64.1 
61.9 
64.8 
28.6 


44.7 


Un- 
oxidised. 


6.6 
21.7 
19.4 
15.7 
22.8 
21.8 
18.9 
34.9 


19.8 


*  Filter  BUrted  Sept.  14, 1891. 


t  Two  months,  January  and  February. 


Filter  No.  6B.  —  Table  showing  Nitrogen  applied  and  Nitrogen  Changes, 

[Sewage  applied :  "  Average  Sewage  for  Filters  Nos.  1, 6  and  9A."] 


Volume 
of  Sewage 

applied 
(Thousand 

Gallons 
per  Acre 

Daily). 

Nftroobn  applixd. 

PxR  Cbnt.  or  Applixo  Nmooxx. 

Farts  per 
100,000. 

Unite. 

Not 
appearing 

in 
Effluent. 

IN  ■rFLUXNT. 

Oxidised. 

Un- 
oxidized. 

1898,*  . 

1899,  . 

1900,  . 

1901,  . 

1902,  . 

1903,  . 

1904,  . 

72.8 

81.7 

109.2 

131.5 

116.9 

90.0 

72.6 

4.08 
4.01 
6.06 
5.50 
4.95 
4.84 
6.11 

298 
327 
553 
722 
579 
435 
444 

40.5 
19.2 
26.6 
27.0 
18.5 
6.8 
22.0 

42.9 
58.8 
66.7 
45.0 
58.9 
61.0 
53.8 

16.6 
22.0 
17.8 
28.0 
22.6 
32.7 
24.2 

Average,     . 

96.4 

4.94 

476 

22.7 

54.0 

23.7 

*  Filter  started  March  5, 1898. 
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Filter  No.  6.  —  Table  showittg  Nitrogen  applied  and  Nitrogen  Changes. 

[Sewage  applied :  "  Average  Sewage  tor  Filter  No.  6."] 


Volume 
of  Sewage 

applied 
(Thouauid 

Gftllona 
per  Acre 

DaUy). 

NiTROOSN  APPLIED. 

Pbr  Curr.  or  Applisd  Nitsoobk. 

Purtsper 

ioo,oob. 

UnitB. 

Not 
appearing 

in 
EiBuent. 

IN  SFVLUBHT. 

Oxidised. 

Un- 
ozidiced. 

1888,*. 

1889,  . 

1890,  . 

1891,  . 
1882,    . 
188S,    . 
1894,    . 
1896,    . 

1896,  . 

1897,  . 

1898,  . 
loU9, 

1900,  . 

1901,  . 

1902,  . 
1908,    . 
1904,    . 

89.6 

41.0 
66.2 
61.2 
46.9 
85.6 
54.8 
57.6 
66.8 
60.6 
65.6 
60.4 
61.7 
57.6 
68.0 
70.2 
54.4 

2.70 
2.71 
2.92 
3.82 
4.07 
8.97 
4.58 
4.72 
5.60 
6.02 
5.LS 
8.95 
6.02 
6.49 
4.95 
4.84 
6.11 

107 
111 
161 
203 
191 
840 
246 
272 
312 
304 
336 
284 
260 
316 
287 
840 
833 

70.4 
46.4 
55.8 
46.0 
48.6 
29.6 
26.6 
29.0 
36.4 
83.7 
41.6 
26.1 
80.6 
29.0 
16.8 
17.9 
25.8 

26.8 
62.6 
42.1 
40.8 
40.6 
67.7 
67.8 
56.4 
62.0 
57.1 
63.6 
66.8 
67.7 
43.8 
44.6 
52.4 
49.9 

3.8 

1.1 

2.1 

6.7 

16.0 

12.8 

6.6 

15.6 

11.6 

9.2 

4.9 

8.6 

11.7 

27.7 

89.6 

29.7 

24.3 

Averag 

«. 

1              i 

• 

67.4 

4.41 

253 

33.7 

51.8 

16.0 

*  Filter  started  Jan.  12, 1888. 


Filter  No.  9  A. —  Table  showing  Nitrogen  applied  and  Nitrogen  Changes, 

[Sewage  applied :  "  Average  Sewage  for  Filter  No.  9A."] 


Volume 
of  Sewage 

applied 
(Thouaand 

Gallons 
per  Acre 

Daily). 

NrraooBN  applibd. 

Pbb  Cbnt.  of  Applied  Nitboobn. 

Parts  per 
100,000. 

Units. 

Not 
appearing 

in 
Effluent. 

j               IK  BFFLCBRT. 

Oxidized. 

Un- 
oxidized. 

1890,*  . 

1891,  . 

1892,  . 

1893,  . 

1894,  . 

1895,  . 
18fl6,    . 

1897,  . 

1898,  . 

1899,  . 

1900,  . 

1901,  . 

1902,  . 

1903,  . 

1904,  . 

110.0 
95.8 
68.1 

111.7 
68.8 
66.0 
56.3 
61.5 
74.2 
59.5 
48.8 
53.9 
57.0 
69.2 
58.8 

8.38 
3.32 
3.77 
3.80 
4.40 
5.02 
4.71 
5.07 
3.48 
3.75 
5.22 
5.60 
4.95 
4.84 
6.11 

372 
318 
257 
424 
303 
832 
265 
312 
258 
223 
255 
302 
282 
335 
329 

74.9 
45.5 
48.8 
29.8 
22.4 
30.1 
17,7 
19.3 
24.1 
21.0 
28.6 
19.3 
20.0 
20.5 
36.4 

2.1 
40.3 
85.3 
51.5 
66.0 
61.0 
68.5 
67.7 
66.0 
64.3 
58.6 
39.3 
46.5 
54.1 
48.2 

23.0 
14.2 
15.9 
18.7 
11.6 
18.9 
13.8 
18.0 
10.9 
14.7 
12.8 
41.4 
33.5 
25.4 
15.4 

Averag 

e. 

• 

i             • 

70.3 

4.49 

316        1 

1 

29.3 

51.3 

19.4 

♦  Filter  started  Nov.  lb,  1890. 
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FiLTEB  No.  10.  —  TtU>U  Showing  Nilrogtn  applied  and  Nitrogen  Changes. 

[8«wage  applied :  "  Average  Sewage  for  Filter  No.  9A."] 


Yolume 
of  Sewase 

applied 
(Thousand 

Gallons 
per  Acre 

Daily). 

NiTRoonir  apflibd. 

PXE  CSHT.  OV  ApPLIBD  NiTEOOBH. 

Parts  per 
100,0(X). 

Unite. 

Not 
appearing 

in 
Eifluent. 

m  MWWLVMxrr. 

Ozldiied. 

Un- 
oxidised. 

1894,*  . 

1896,  . 
1896, 

1897,  . 

1898,  . 

1899,  . 

1900,  . 

1901,  . 

1902,  . 
1908,    . 
1904,    . 

40.0 
86.7 
28.2 
29.6 
28.6 
25.0 
26.6 
27.8 
26.4 
21.7 
17.2 

6.17 
6.02 
4.71 
6.07 
8.48 
8.76 
6.22 
6.60 
4.96 
4.84 
6.11 

247 
184 
ISS 
149 
100 
94 
188 
166 
181 
106 
106 

48.8 
38.8 
27.8 
80.1 
14.1 
19.7 
80.9 
28.6 
80.3 
80.8 
40.6 

46.9 
48.6 
66.1 
60.4 
77.8 
68.8 
62.0 
47.7 
62.5 
66.0 
46.8 

6.8 

12.7 

7.6 

9.6 

8.6 

12.0 

7.1 

28.8 

17.2 

18.7 

14.1 

Averag 

e, 

27.9 

4.99 

140 

82.8 

66.7 

12.0 

*  Filter  started  July  18, 1894. 

In  connection  with  this  study  of  nitrogen  changes  the  following  table  is 
of  interest.  It  presents  the  average  nitrates  in  the  average  yearly  effluents 
of  Filters  Nos.  1,  2,  4,  6,  9 A  and  10  inclusive,  and  shows  that  the  actual 
amount  of  nitrates  present  in  these  effluents  has  been  a  varying  quantity, 
but  greater  during  the  past  ten  years  than  formerly,  and  that  the  nitrates 
for  1904  have  been  exceeded  in  only  two  years  since  the  beginning  of 
operation  of  these  filters,  namely,  1896  and  1900. 

Average  NUrates,  FiUers  Nos,  i,  2,  4,  6,  9 A  and  10, 

[Parts  per  100,000.] 


Ybar. 


Nitrates. 


Ybar. 


Nitrates. 


1888, 
1889, 
1890, 
1891, 
1892, 
1893, 
1894, 
1896, 
1896, 


0.60 
1.17 
1.11 
1.29 
1.82 
2.08 
2.70 
2.48 
8.00 


1897, 
1898, 
1899, 
1900, 
1901, 
1902, 
1908, 
1904, 


2.89 
2.48 
2.89 
8.06 
2.38 
2.61 
2.83 
2.98 
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Further  Nitrogen  Studies. 

So  far,  in  this  nitrogen  work,  attention  has  been  called  only  to  Filters 
Nos.  1,  2,  4,  6,  9 A  and  10,  but  in  tables  given  beyond  are  many  data  in 
regard  to  the  nitrogen  applied  to  and  oxidized  by  several  of  the  other  sand 
filters  that  have  been  operated  at  the  station.  Special  studies  have  been 
made  with  Filters  Nos.  14 A,  19  and  100.  Each  of  these  filters  was  oper- 
ated at  rates  mnch  greater  than  those  of  the  filters  already  discussed,  this 
greater  rate  being  followed  since  the  sewage  applied  to  each  filter  had  been 
so  treated  before  application  that  much  of  the  matters  in  suspension  had 
been  removed.  All  the  sewage  applied  to  Filter  No.  14A  had  previously 
passed  through  a  coke  strainer ;  all  the  sewage  applied  to  Filter  No.  19 
after  Jan.  20, 1893,  had  been  treated  with  chemicals  to  cause  precipitation, 
and  all  the  sewage  applied  to  Filter  No.  100  had  first  passed  through  a 
septic  tank.  The  tables  show  the  enormous  amount  of  unozidized  nitrogen 
calculated  as  '^units''  applied  to  these  filters  compared  with  the  amount 
applied  to  Filters  Nos.  1  to  10,  inclusive,  which  received  untreated  sewage  ; 
the  average  units  applied  to  Filter  No.  14A  each  year  being  1,005,  to  Filter 
No.  19,599,  and  to  Filter  No.  100,  1,180,  compared  with  averages  of  803, 
253  and  316,  the  average  amount  in  units  applied  to  Filters  Nos.  1,  6  and 
9A,  respectively.  As  a  considerable  percentage  of  the  matter  in  suspen- 
sion in  the  sewage  had  been  removed,  leaving  a  larger  percentage  of  the 
total  organic  matter  applied  in  the  form  of  the  more  easily  oxidized  organic 
matter  in  solution,  the  percentage  of  oxidation  in  these  filters  has  averaged 
somewhat  greater  than  in  Filters  Nos.  1  to  10,  inclusive,  the  highest  per- 
centage being  given  by  Filter  No.  14A,  namely,  70  per  cent. 

It  is  evident  from  a  study  of  all  these  nitrogen  data,  together  with  daily 
observations  of  the  ease  or  difficulty  of  satisfactory  operation  of  various 
filters  after  years  of  work,  etc.,  that  there  is  a  fairly  well-defined  limit  to 
the  amount  of  work  that  can  be  accomplished  by  a  sand  filter,  or,  in  other 
words,  a  filter  can  care  for  about  so  much  organic  matter,  year  after  year, 
irrespective,  within  reasonable  limits,  of  the  volume  of  sewage  in  which 
this  matter  is  contained.  The  greater  the  percentage  of  the  total  organic 
matter  of  the  sewage  in  solution,  the  greater  the  percentage  of  oxidation 
within  the  filter.  Ordinarily,  however,  only  slightly  more  than  50  per 
cent,  of  the  applied  nitrogen  will  appear  as  nitrates  in  the  effluents  of 
filters  receiving  untreated  sewage,  and  if  the  remaining  nitrogen  and  car- 
bon are  greater  than  the  nitrogen-  and  carbon-liberating  bacteria  in  the 
filter  can  adequately  care  for,  there  is  an  excessive  accumulation  of  organic 
matter  in  the  filter,  eventually  necessitating  the  removal  of  sand  from  the 
filter,  prolonged  resting,  or  cropping,  which  may  be  the  most  efficient  and 
practical  method.  Methods  already  taken  to  cause  a  removal  of  this 
nitrogen  without  removing  sand  have  been  described  in  previous  pages. 
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Filter  No.  14A.  —  TabU  ahowing  Nitrogen  applied  and  Nitrogen  Changes, 

[Sewaga  applied :  "  Strained  Sewage."] 


Volume 
of  Sewaae 

applied 
(Thouiand 

Oallona 
per  Acre 

DaUy). 

NrrsooBN 

▲PrLXBD. 

Pnt  Gbmt.  or  Appldw 
NrraooBN. 

Parts  per 
100,000. 

Units. 

Not 
appearing 

in 
Effluent. 

IH  SFVLUBHT. 

Oxidised. 

Un- 

oxidised. 

1894,* 

1895 

1896 

1897 

1898 

846.1 
807.1 
279.9 
279.7 
298.0 

8.48 
4.74 
4.29 

4.28 
2.88 

1,180 
1,462 
1,200 
1,197 
857 

21.6 
86.4 
27.8 
24.5 
12.6 

72.6 
65.1 
65.0 
68.0 
83.0 

5.8 
8.& 
7.2 
7.6 
4.6 

Average, 

802.0 

8.92 

1,177 

24.6 

68.7 

6.7 

*  Filter  started  Jad.  12, 1894. 


Filter  No.  19.  —  Table  showing  Nitrogen  applied  and  Nitrogen  Changes, 

[Sewage  applied:  "  Regular  Sewage  "  and  chemically  treated  sewage.*] 


Volume 
of  Sewage 

applied 
(Thousand 

Gallons  I 

per  Acre 

Daily). 


1890,t  . 
1891,  . 

1893,  . 

1894,  . 

1895,  . 

1896,  . 

1897,  . 
Average, 
Average  1890  to  1892  iDclasive 
Average  1894  to  1897  Inclusive 


58.2 
90.6 
51.2 
253.2 
196.9 
189.6 
190.0 


NrraooBK 

APPLIXD. 


Parts  per 
100,000. 


2.92 
3.32 
3.56 
4.09 
5.22 
5.43 
3.92 


147.1 

66.7 

207.4 


4.07 
3.27 
I      4.67 


Units. 


170 

301 

183 

1,036 

1,028 

1,030 

745 


699 
218 
969 


PxR  Cbht.  or  Applixd 
NiTROoaif. 


Not 
appearing 

in 
Effluent. 


87.0 
34.4 
38.0 
29.4 
31.9 
33.2 
21.6 


32.2 
86.7 
29.0 


nr  BFPLUXKT. 


Oxidised. 

Un- 
oxidised. 

67.2 
63.6 
60.0 
60.8 
60.6 
60.7 
70.6 

6.8 
2.1 

2.0 
9.8 
7.5 
6.1 
7.9 

61.9 
60.2 
68.2 

5.9 
3.1 
7.8 

*  Regular  sewage  applied  until  1894,  after  that  date  sewage  clarified  by  chemicals. 
t  Filter  started  Jan.  28, 1890. 
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Filter  No.  100.  —  Table  showing  Nitrogen  applied  and  Nitrogen  Ohanget. 

[Sewage applied :  "Septic  Sewage  A."] 


Volume 
of  Bewaffe 

applied 
(Thouaand 

Gallons 
per  Acre 

DaUy). 

NXTROOHK 
ATFLJMD. 

PxE  Gbnt.  ov  Aptlixd 
NmooBN. 

Parts  per 
100,0«). 

Units. 

Not 
appearing 

in 
Effluent. 

IV  SFVLUmiTT. 

Oxidised. 

Un- 
ozidised. 

1898,*  . 

1899,  . 

1900,  . 

1901 

1902,    . 

1908 

1904,    . 

180.0 
266.4 
264.8 
264.9 
296.4 
270.8 
222.5 

4.84 
4.00 
6.97 
4.90 
4.60 
8.86 
6.75 

629 
1,062 
1,678 
1,249 
1,869 
1,041 
1.279 

20.2 
14.8 
87.6 
17.7 
18.6 
17.1 
44.7 

52.1 
68.7 
62.9 
64.9 
63.6 
70.7 
85.7 

27.7 
17.0 
9.6 
27.4 
17.9 
12.2 
19.6 

ATerage, 

248.7 

4.84 

1,180 

26.7 

56.6 

18.8 

*  Filter  started  Jan.  1, 1898. 

Pounds  of  Nitrogen  applied  to^  stored  in,  oxidized^  etc.^  in  Sand  Filters, 

Following  are  several  tables  of  data  further  to  illustrate  storage,  oxida- 
tion, etc.,  of  nitrogen  in  sand  filters.  The  first  of  these  tables  presents 
figures  showing  the  actual  amount  of  nitrogen,  expressed  in  pounds  per 
acre  of  filter  surface,  which  has  been  applied  to  the  various  sand  filters, 
stored  in  these  filters,  removed  by  or  disappearing  from  the  filters,  appear- 
ing as  nitrates  in  the  efifluent  of  the  filters,  and  appearing  as  unoxidized 
nitrogen  in  the  efiOiuents.  This  table  is  of  interest  in  showing  (1)  how 
small  a  percentage  of  the  applied  nitrogen  remains  stored  in  these  filters 
(although  this  small  percentage  gives  in  the  course  of  years  an  amount  of 
stored  nitrogen  that  is  relatively  large),  and  (2)  how  large  a  percentage 
of  nitrogen  is  cared  for  and  changed  in  other  ways  than  becoming  nitrified 
and  passing  away  as  nitrates  and  nitrites  in  the  efifluent  of  each  filter.  It 
will  be  seen  that  of  the  total  amount  of  nitrogen  applied  to  each  of  the 
9  sand  filters  given  in  the  table,  the  largest  percentage  remaining  in  a  filter 
is  in  Filter  No.  6,  namely,  5.9  per  cent.,  and  the  smallest  amount  in  Filter 
No.  100,  2.3  per  cent.,  —  Filter  No.  6  having  been  operated  seventeen  years 
at  the  time  of  the  examination  of  sand  with  the  results  upon  which  these  fig- 
ures are  based,  and  Filter  No.  100  seven  years.  The  percentage  of  applied 
nitrogen  appearing  as  nitrates  in  the  efiSuents  of  these  filters  has  varied 
greatly.  With  the  larger  sand  filters,  namely.  Filters  Nos.  1,  5A,  6  and 
9A,  the  largest  percentage  of  the  applied  nitrogen  appearing  oxidized  in 
any  efifluent  has  been  in  the  efiQuent  of  Filter  No.  1,  namely,  58.4  per 
cent.,  and  the  smallest  percentage  in  the  efiftuent  of  Filter  No.  5 A,  namely, 
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44.7  per  cent.  The  amoant  of  nitrogen  appearing  unoxidized  in  the  efflaent 
has  also  varied  greatly,  as  shown  in  the  table,  and  the  amount  which  has 
disappeared,  that  is,  has  neither  been  detected  as  oxidized  or  anoxidized 
nitrogen  in  the  effluents,  nor  as  being  stored  at  the  present  time  in  the  sand 
of  each  filter,  has  been  a  large  and  variable  quantity,  varying  in  the  case 
of  the  large  sand  filters  included  in  the  table  from  16.4  per  cent,  from 
Filter  No.  1  to  46.2  per  cent,  from  Filter  No.  5A. 


Table  showing  Nitrogen^  in  Pounds  per  Acre^  applied  to,  stored,  appearing  in 

Effluent  and  Lost  from  Various  Sand  Filters. 


D«taof  Sftnd 
Analysii. 

Days 
operated. 

1 

Pounds  or 

NmooBK. 

FiLTBS  NUMBBE. 

Applied. 

Stored 

in 
Sand. 

In 

Bifiuent. 

Lost.* 

nr  arrLcairr. 

Oxldiied. 

Un- 
ozldiied. 

1,      .           .          . 

Oct.   10,1904, 

5,864 

132,884 

5,086 

106,780 

81,618 

70,778 

84,958 

6A,         .        . 

Mar.    1,1898, 

8,187 

94,427 

8,081 

47,610 

48,786 

48,066 

16,564 

6.     .        .        . 

Oct.    10,1904, 

5,S68 

110,000 

6,447 

78.866 

80,847 

56,771 

16,566 

9A, 

Oct.   10,1904, 

4,809 

114,828 

6,406 

81,282 

87,600 

69,104 

82,118 

ISA. 

Mar.   7.1897, 

1,898 

81,382 

4,166 

68,147 

10,070 

66,876 

1.278 

19,    .        .        . 

Mar.    7,1897, 

2,169 

107,880 

6.761 

78,860 

87,809 

41,336 

81.926 

100,     . 

Feb.    1,1900, 

8,817 

216,412 

4.966 

162,886 

60,060 

119,841 

88,066 

116,     . 

Mar.  85, 1901, 

780 

71,888 

2,456 

46,886 

83,107 

41,084 

6,241 

118,    . 

Mar.  86, 1901. 

785 

77,581 

8,666 

50,080 

88,846 

42,466 

7,664 

*  Not  corrected  for  nitrogen  in  original  Band  or  for  nitrogen  in  Band  remoyed  by  scraping. 

Corrections  which  may  be  applied  to  tables  of  nitrogen  in  sand :  — 

Nitrogen  removed  hy  Scraping;  All  Previout  to  the  End  qf  1893. 

Filter  Ko.  1, 8,668  pounds  per  acre. 

Filter  No.  6 1.208  pounds  per  acre. 

Filter  No.  9A, 691  pounds  per  acre. 

Table  showing  Per  Cent,  of  Applied  Nitrogen,  stored  in  Sand  Filters. 


Filter  No.  1, 3.8 

6A 8.3 

6 6.9 

9A 2.3 

13A 5.1 


FUter  No.  19, 6.8 

100, 8.3 

116, 8.4 

118. 4.7 
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Table  showing  PottntU  of  Nitrogen  per  Acre  at  Different  Depths  in  Sand  of  Sewage 

Fillers  Nos.  1,  5 A,  6,  9 A,  13 A,  19, 100, 116, 118. 


FlLTSR  NUMBBH. 


Date  of  Sand 
Analyaie. 


1. 
6A, 

«, 
9A, 

ISA,* 

194 
100,} 

116.§ 

118,S 


Oct.  10,1904, 
Mar.  1,1898, 
Oct.  10,1904, 
Oct.  10,1904, 
Mar.  7,1897, 
Mar.  7,1897, 
Feb.  1,1905, 
Mar.  25, 1901, 
Mar.  26, 1901, 


Days 
operated. 


5,264 
8,187 
6,202 
4,869 
1,898 
2,169 
2,217 
780 
786 


PouKDS  OF  NrrsooBN  IN  Band. 


First 
Foot. 


Second 
Foot. 


Third 
Foot. 


Fourth 
Foot. 


Fifth 
Foot. 


Total. 


8,224 

778 

440 

854 

240 

1,475 

444 

488 

276 

449 

4,289 

1,801 

621 

386 

- 

8,526 

927 

888 

804 

261 

3,220 

896 

267 

199 

98t 

6,651 

611 

206 

148 

186 

2,861 

701 

760 

62811 

- 

1,708 

265 

178 

172 

■    14311 

2,857 

827 

194 

146 

142 

6,086 
8,081 
6,447 
5,406 
4,165 
6,761 
4,966 
2,456 
8,666 


*  Settled  sewage  applied.  t  Six  inches. 

X  1890-93,  regular  sewage  applied;  1894-97,  chemical  precipitated  sewage  applied. 

§  Septic  sewage  applied.  II  Nine  inches. 

T(Mble  showing  Average  NUrogen  Conversion^  etc.,  of  Filters  operated  with  Uu" 

treated  Sewage. 


Period 
operated. 

Volume 
of  Sewace 

applied 
(Thousand 

Qallons 
per  Acre 
per  Day). 

Nitrogen 

applfed 

(Parts  per 

100,000). 

Pu  Gbnt.  of  Applikd  NrraooBH. 

IN  XFrLUXNT. 

Lost.* 

Oxidized. 

Un- 
ozidized. 

Ozldised+ 
Lost. 

1,    .             •             •             • 

1888-1904, 

71.3 

4.25 

53.4 

18.1 

28.6 

81.9 

2,  - 

1888-1904, 

87.0 

4.26 

52.6 

12.2 

36.2 

87.8 

4,  .         . 

1888-1904, 

28.6 

4.31 

47.8 

6.8 

46.4 

94.2 

5A, 

1891-1898, 

79.8 

4.60 

44.7 

19.8 

35.6 

80.2 

6,.        . 

1888-1904, 

57.4 

4.41 

61.3 

15.0 

83.7 

86.0 

9A, 

1890-1904, 

70.8 

4.49 

61.3 

19.4 

29.8 

80.6 

10,  . 

1894-1904, 

66.5 

4.99 

65.7 

12.0 

32.3 

88.0 

19,  . 

1890-1892, 

66.7 

3.27 

60.2 

3.1 

36.7 

96.9 

29,. 

1890-1892, 

26.7 

3.31 

63.8 

6.6 

29.6 

93.4 

80,  . 

1890-1894, 

56.1 

3.34 

76.6 

4.8 

18.6 

95.2 

15B, 

1892-1897, 

874.0 

4.25 

84.1 

18.8 

47.1 

81.2 

16B, 

1892-1897, 

867.4 

4.25 

29.8 

23.8 

46.4 

76.2 

6B, 

1898-1904, 

96.4 

4.94 

48.2 

23.7 

28.1 

76.8 

80,  . 

1897-1898, 

90.7 

4.10 

33.0 

8.5 

68.6 

91.6 

96,. 

1897-1900, 

96*6 

4.29 

68.6 

2.8 

33.6 

97.2 

*  Nitrogen  applied  which  did  not  appear  in  the  effluent,  including  nitrogen  in  the  sand  and 
nitrogen  set  free. 
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Table  showing  Average  NUrogen  Conversion^  eto.,  of  Filters  operated  tvilh  Treated 

Sewage. 

Operated  with  Settled  Sewage. 


Period 
opented. 

Yolume 
of  Sewsffe 

Applied 
(Thouaand 

GaUodb 
per  Aere 
per  Day). 

Nitrogen 

applied 

(Putaper 

100,000). 

PU  CbNT.   of  ApPLDU)  NtTBOOBK. 

DT  XFFLUSITT. 

Lo0t.« 

Ozidlied. 

Un- 
ozldiaed. 

OTidisedH- 
Loat. 

IvAf              ■                •                • 

1894-1897 

182.1 

4.84 

66.6 

6.0 

28.4 

94.0 

Operated  toith  Strained  Sewage. 


14  A, 


1894-1899 


276.0 


8.64 


70.2 


r.2 


22.6 


92.8 


Operated  with  Precipitated  Sewage, 


19, . 


1894-1897 


207.4 


4.67 


68.2 


7.8 


29.0 


92.2 


Operated  with  Andover  Septic  Sewage, 


A.  Md.  S.  JB^'it  •         • 


1899-1902 


118.0 


7.22 


25.8 


45.2 


29.0 


54.8 


Operated  with  Septic  Sewage. 


100,         ... 

1898-1904 

248.7 

4.84 

55.5 

18.8 

25.7 

81.2 

116, 

189»-1900 

206.8 

5.82 

56.9 

7.3 

85.8 

92.7 

118,         ... 

1899-1900 

254.8 

4.99 

54.9 

9.6 

85.5 

90.4 

Operated  with  Effluent  from  Filters  yos.  15B  and  16B. 


12A, 


1892-1897 


570.7 


0.90^ 
2.26$ 


23.6^ 


7.3t 


3.5§ 


27.1 


*  Nitrogen  applied  which  did  not  appear  in  the  efDuent,  inclading  nitrogen  in  the  sand  and 
nitrogen  set  free  as  gases. 
t  A.  £.  S.  F.,  Andover  Experimental  Sand  Filter.  t  Unoxidized.  §  Total. 
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Table  showing  Average  Nitrogen  Conversion,  etc.,  of  Filters  operated  with  Treated 

Bewage  —  Concluded. 

Operated  with  Efflinentfrom  Filtert  Not.  136  and  136. 


Period 
operated. 

Quantity 

applied 

(Thoaaand 

Gallona 

per  Acre 

per  Day). 

Nitroaen 

applied 

(Parts  per 

100,000). 

Put   GbITT.   of  ApPLIXD  NiTROOKir. 

Fn.m  NuMBXB. 

Iir  XFFLUSVT. 

Loct.* 

Oxidised+ 
Lost. 

Oxidised. 

Un- 
oxidised. 

186,         ..        . 

1902-1908 

834.2 

I     1.80t   1 

(    8.9et  ) 

87.2t 

44.4t 

9.2t 

46.4 

Operated  with  Settled  Effluent  from  Filters  Nos.  135  aifid  136. 


-217, 

1908 

1,987.0 

(     l-68t   1 

15.8t 

67.7t 

6.7t 

22.6 

Xb4,           ... 

1904 

496.1 

1  ""'  i 

(    4.a6t  ) 

17.5t 

12.4t 

82.0t 

49.6 

*  Nitrogen  applied  which  did  not  appear  In  the  eflSuent,  including  nitrogen  in  the  sand  and 
nitrogen  set  free  as  gases.  t  Unoxidlsed.  X  Total. 


Conversion  of  Nitrogen  by  MunidpaX  Sewage  FUtration  Areas. 

At  the  beginniDg  of  this  discussion  of  nitrogen  disposal,  on  page  210, 
the  statement  was  made  that  with  the  Lawrence  filters  receiving  strong 
but  stale  sewage  a  greater  percentage  of  nitrogen  is  nitrified  in  the  filter 
than  in  the  municipal  areas  of  the  State,  from  the  surface  of  many  of 
which  much  organic  matter  is  from  time  to  time  removed.  The  truth  of 
this  statement  is  shown  by  a  following  table,  giving  the  percentage  of  the 
applied  nitrogen  that  is  oxidized  and  appears  as  nitrates  in  the  effluents 
of  these  areas,  the  figures  of  these  tables  being  obtained  from  the  data 
given  in  a  report  upon  ''  The  Examination  of  Sewer  Outlets  and  the  Effect 
of  Sewage  Disposal "  in  the  report  of  the  Board  for  1903,  page  805.  It  will 
be  noticed  from  the  following  tables  that  this  percentage  is  very  much  lower 
than  is  the  case  with  the  Lawrence  filters,  only  one  area  showing  over  50 
per  cent,  of  the  applied  nitrogen  appearing  nitrified  in 'its  effluent,  and  few 
showing  even  30  per  cent,  of  the  applied  nitrogen  nitrified,  the  average 
amount  of  nitrogen  that  appears  as  nitrates  being  only  24.9  per  cent,  of 
the  total  nitrogen  applied.  The  average  amount  of  the  total  nitrogen  that 
is  unaccounted  for,  that  is,  that  does  not  appear  in  the  effluents  of  these 
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areas,  is  noticeably  larger  than  with  the  Lawrence  filters,  showing  plainly 
the  removal  of  much  matter  from  the  surfaces  of  these  areas,  the  average 
amount  removed  in  this  way,  stored,  and  disappearing  by  nitrogen  libera- 
tion being  61.3  per  cent,  of  the  nitrogen  applied,  judging  by  the  analyses 
of  sewages  and  effluents  covering  a  series  of  years,  as  given  in  the  table. 
In  this  calculation  of  the  amount  of  nitrogen  oxidized  at  these  munic- 
ipal areas  and  the  amount  appearing  unoxidized  in  their  effluents,  a  certain 
amount  of  error  enters  that  does  not  enter  in  the  calculation  of  these  factors 
in  connection  with  the  Lawrence  filters.  That  is  to  say,  at  the  areas  a  certain 
amount  of  ground  water  is  mixed  with  the  true  sewage  effluent.  The 
amount  of  ground  water  present  in  most  of  these  effluents,  however,  is 
not  great  enough  to  decrease  materially  the  figures  of  oxidized  nitrogen 
given  on  the  table  or  to  increase  the  figures  showing  unoxidized  nitrogen. 


Table  showing  Conversion  of  Nitrogen  by  Municipal  Sewage  Fillers  in  Massa- 

chuseUs. 


Tears 

inoluded 

in  Result! 

on  Table. 

Pabtb  pbb  100,000. 

Pbb  Cbrt. 

OF  Applibi)  NmiOOBH. 

Abba. 

Average 

Applied 

Nitrogen. 

MrrBOOBH 
IN  BTFLUBNT. 

In 

Effluent 

unoxidized. 

In 

Effluent 

oxidised. 

Unao- 

oounted 

for  (not 

appearing 

in 
Effluent). 

Unoxidiied. 

Oxidised. 

Andover, . 

1900-1903 

7.02 

0.96 

1.07 

18.7 

16.2 

71.1 

Brockton, 

1897-1908 

4.78 

0.14 

2.18 

8.0 

41.0 

66.0 

Clinton : 

EaBt  underdrain, 

1900-1908 

ft.66 

1.01 

0.70 

17.8 

12.4 

09.8 

West  underdraln, 

1900-1908 

6.66 

0.68 

0.92 

12.0 

16.2 

71.8 

Concord,  . 

1901-1903 

1.20 

0.02 

0.74 

1.7 

61.7 

86.e 

Framingham : 

East  underdraln, 

1893-1903 

6.10 

0.27 

1.16 

6.8 

22.7 

72.0 

West  underdraln, 

1893-1903 

6.10 

0.18 

1.01 

8.6 

19.8 

76.7 

Gardner,  . 

1892-1903 

8.21 

0.80 

0.64 

25.7 

17.4 

66.9 

Hopedale, 

1901-1903 

2.76 

0.85 

1.14 

80.9 

41.6 

27.6 

Leicester, 

181)7-1908 

3.78 

0.93 

0.98 

24.6 

24.6 

60.8 

Marlborough, 

1892-1903 

4.28 

O.e: 

0.85 

16.6 

19.9 

64.5 

Natick,     . 

1897-1903 

1.71 

0.27 

0.60 

16.8 

29.2 

65.0 

PittBfield, 

1903 

8.28 

0.28 

0.69 

8.7 

21.4 

69.9 

Southbrldge,    . 

1900-1903 

2.14 

0.22 

0.16 

10.8 

7.6 

82.2 

Spencer,  . 

1898-1903 

2.82 

0.22 

0.71 

9.5 

S0.6 

69.9 

Stockbridge,    . 

1900-1903 

1.48 

0.19 

0.28 

12.8 

15.5 

71.7 

Westborough, . 

1900-1903 

2.67 

0.60 

0.76 

22.4 

28.1 

49.6 
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Total  Organic  Matter  in  Sand  Filters  Nos.  1,  6  and  9 A,  as  shown 
BY  Determinations  op  Combustible  Matter  or  Loss  on  Ignition 
OF  the  Sand  from  these  Filters. 

When  Filters  Nos.  1,  6  and  9 A,  ^ku  ^^  ^°  ^^^*^  ^^  area,  were  first  put 
into  operation,  a  determination  was  made  of  the  total  organic  matter  on 
the  sand  grains  ;  that  is,  the  per  cent,  in  weight  lost  when  portions  of  the 
sand  used  were  heated  to  a  red  heat  for  a  given  period.     At  the  end  of 
1904,  determinations  were  again  made  with  samples  collected  from  different 
depths  in  each  filter,  and  the  results  are  given  in  a  following  table.     These 
determinations  show  —  calculating  as  organic  matter  all  matter  consumed 
when  sand  is  heated  to  a  red  heat  —  that  at  the  beginning  of  operation  in 
1888  Filter  No.  1  had  upon  its  sand  grains  .42  per  cent,  of  organic  matter, 
or  in  the  entire  filter  468  pounds  of  organic  matter,  the  total  weight  of 
sand  in  this  filter  being  111,330  pounds.     At  the  end  of  1904,  after  seven- 
teen years  of  operation,  the  increase  of  organic  matter  was  823  pounds, 
making  the  total  amount  present  1,291  pounds.     Four  hundred  and  fifty 
pounds,  or  more  than  50  per  cent.,  of  this  increase  was  in  the  upper  foot 
of  the  filtering  material.     In  Filter  No.  6  the  increase  was  from  529  to 
1,092  pounds;  563  pounds,  or  about  75  per  cent.,  of  the  total  increase 
was  In  the  upper  foot  of  the  filtering  material.     With  Filter  No.  9 A  the 
increase  has  been  from  969  to  1,759  pounds,  or  81   per  cent. ;  and  71 
per  cent,  of  this  total  increase  of  organic  matter  is  stored  in  the  upper 
foot  of  filtering  material.     These  determinations  are  of  value,  supplement 
the  determinations  and  calculations  of  the  actual  amount  of  nitrogenous 
matter  present  given  in  a  previous  portion  of  this  report,  and  show  clearly 
that  the  stored  nitrogenotts  matter  is  but  a  small  percentage  of  the  entire 
stable  organic  matter  that  has  accumulated  in  these  filters,  resistant  to 
such  bacterial  actions  as  result  in  the  rapid  production  of  nitrates,  passage 
of  nitrogen  into  the  air,  etc.     They  also  aid  in  a  clear  understanding  of 
the  greater  compactness  of  the  upper  portion  of  the  filter  due  to  stored 
organic  matter.     Tables  showing  the  results  follow.* 

Total  Nitrogen  and  Total  Organic  Matter  stored  in  Filters  Nos.  i,  2  and  9 A. 


stored 
Nitrogen 
(Pounds). 


Total  Organic 

Matter 

(Pounds). 


FUterNo.l, 25  1.291 

Filter  No.  S, 32  1,029 

Filter  No.  9A 27  1,759 

*  The  flgures  of  total  oi^ganlc  matter  presented  in  these  tables  are  undoubtedly  somewhat 
large,  owing  to  the  method  of  determination.    More  accurate  methods  are  being  used  during  1905. 
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Total  Organic  Matter  stared  in  Filter  No.  1  at  Different  Depths,  as  shown  by 

Determinations  of  Loss  on  Ignition. 


Dbpth  ih  Ikchh. 


LOM 

on  Ignition 

(Per  Cent. 

by  Weight). 


Corrected 

LOM. 


Pounds  of 

Band  between 

Depth. 


Pound*  Loss 

ftt  OiTen 

Depth. 


Pounds  Lou 

per  Acre  at 

Given  Depth. 


0-«, 

6-9, 
»-18, 
1^15, 
16-18, 
18-24, 
24-86, 
86-48, 
48-60, 

Total  pounds. 


2.68 
2.61 
2.20 
1.05 
0.01 
0.90 
0.86 
0.82 
0.71 


2.11 
2.09 
1.78 
0.62 
0.49 
0.48 
0.44 
0.40 
0.29 


11,128 

6,861 

6,661 

5,661 

6,661 

11,128 

22,246 

22,246 

22,246 


284.7 
116.1 
90.0 
84.6 
87.8 
69.9 
97.9 
89.0 
64.2 


822.6 


46,940 
28,220 
19,800 
6,900 
6,400 
11.960 
19,580 
17,800 
12,840 


164,520 


Total  Organic  Matter  stored  in  Filler  No.  6  at  Different  Depths^  as  shown  by 

Determinations  of  Loss  on  Ignition. 


Dbpth  in  Ikchxs. 


0-6, 

6-9,  ... 
9-12, 
12-15, 
15-18, 
18-24, 
24-36, 

36-48,  ... 

Total  poaods,    . 


Loss 

on  Ignition 

(Per  Cent. 

by  Weight). 


Corrected 
Loss. 


4.01 
2.82 
2.07 
1.97 
1.43 
1.33 
1.08 
0.85 


3.14 
1.95 
1.20 
1.10 
0.56 
0.46 
0.22 


Pounds  of 

Sand  between 

Depth. 


12,142 
6,071 
6,071 
6,071 
6,071 
12,142 
24,284 


Pounds  Loss 

at  Giren 

Depth. 


881.2 
118.4 
72.8 
66.8 
40.0 
55.9 
64.7 

789.8 


Pounds  Loss 

per  Acre  at 

Given  Depth. 


76,240 
23,680 
14,560 
18,860 
8,000 
11,180 
10,940 

157,960 
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Total  Organic  Matter  stored  in  Filter  No,  9 A  at  Different  Depths^  as  shown  by 

Determinations  of  Loss  on  Ignition. 


Dbpth  in  Ikchm. 


LOM 

on  Ignition 

(Per  Cent. 

by  Weight). 


Correoted 

LOM. 


Pounds  of 

Sand  between 

Depth. 


Pounds  LoM 

tttOiren 

Depth. 


Pounds  LoM 

per  Aoreat 

Given  Depth. 


0-6, 

e-9, 

15-18, 
18-24, 
34-86, 
8&-48, 
48-60, 

Total  pounds, 


3.62 
8.66 
3.06 
1.88 
0.94 
0.64 
0.63 
0.69 
0.68 


S.IS 
3.06 
1.68 
0.80 
0.44 
0.14 
0.13 
0.09 
0.06 


10,685 

5,393 

6,293 

6,302 

6,393 

10,685 

31,170 

31,170 

31,170 


380.3 
107.3 
88.6 
48.4 
38.8 
15.3 
36.4 
19.1 
16.9 


563.8 


46,040 
31,440 
16,780 
8,480 
4,660 
8,040 
5,080 
8,880 
3,880 


113,660 


Acidity  or  Alkalinitt  of  the  Effluents  of  Sewage  Filters  as  an 

Index  of  Good  or  Poor  Purification. 

Daring  the  inyestigation  in  regard  to  the  remoyal  of  organic  matter  from 
sand  filters  discuBsed  in  previous  pages,  determinations  were  begun  in 
order  to  learn  the  degree  of  alkalinity  of  the  effluents  of  filters  of  various 
kinds.  In  the  determination  of  this  alkalinity  various  indicators  have 
been  used,  but  methyl-orange  and  gallein  are  the  only  two  which  have  been 
found  of  practical  value.  Neither  is  affected  by  carbon  dioxide ;  and 
methyl-orange  does  not  indicate  organic  acids,  while  gallein  does.  The 
results  obtained  by  the  two  indicators  were  practically  the  same,  however, 
indicating  the  absence  of  organic  acids  from  the  effluents  tested.  The 
determinations  made  upon  the  effluents  of  the  small  Filters  Nos.  265,  266, 
267,  268  and  269  (see  pages  207-209),  and  also  upon  the  effluents  of  the 
large  sand  filters  in  operation  at  the  station,  show  clearly  that  when  the 
most  complete  purification  and  the  highest  nitrification  are  occurring  in 
these  filters,  their  effluents  are  either  acid  or  only  slightly  alkaline,  and 
that  the  poorer  the  nitrification,  the  greater  is  the  degree  of  alkalinity  of 
the  effluents.  As  shown  in  a  following  table,  the  effluents  of  Filters  Nos. 
1,  4,  5,  6,  9 A  and  10  were  all  slightly  acid  when  examined  in  September, 
when  nitrification  was  high;  while  in  December,  when  nitrification  was 
lower,  the  effluents  of  nearly  all  these  filters  were  slightly  alkaline.  The 
different  character  of  the  effluents  of  contact  and  intermittent-continuous 
filters  in  this  respect  is  also  clearly  shown  by  the  table.  Notwithstanding 
high  nitrification  in  intermittent-continuous  Filters  Nos.   135  and  186, 
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enoQgh  free  ammonia,  etc.,  is  always  present  in  their  effluents  to  cause 
high  alkalinity,  and  this  characteristic  is  even  more  pronounced  in  the 
effluents  of  contact  filters  giving  low  nitrification.  The  higher  the  free 
ammonia  and  the  lower  the  nitrates,  the  greater  tbe  alkalinity,  is  the 
general  rule.  Filters  of  fresh  sand  not  yet  exhausted  of  its  carbonates, 
or  constructed  of  sand  containing  a  greater  percentage  of  carbonates  than 
Lawrence  sands,  may  produce  effluents  which  do  not  follow  this  rule. 


Table  shotuing  Results  of  DetermincUions  of  Alkalinity  of  Sewage  and  Effluents, 


BSPTBMBCR. 

OCTOBBR. 

NOYBMBBB. 

Dbcbmbbb. 

SAMPLU  l-BOM  — 

Methyl- 
orange. 

Oallein. 

Methyl- 
orange. 

OaUein. 

Methyl- 
orange. 

Oalleln. 

Methyl- 
orange. 

GaUein. 

Regular  sewage. 

- 

- 

- 

- 

26.0 

26.0 

1      28.4 

28.4 

niter  No.  1, 

—1.8 

—0.5 

—2.0 

- 

—2.0 

—2.0 

1.0 

1.0 

2,        • 

1.2 

1.2 

1.0 

0.8 

0.5 

- 

Oil 

0.1 

*. 

-0.4 

—0.8 

0.0 

0.0 

0.2 

1 

- 

-0.1 

-0.1 

6,        • 

—8.6 

—1.6 

-1.7 

-0.9 

—1.1 

—1.1 

3.1 

8.1 

6, 

—0.6 

—0.6 

—0.6 

- 

0.5 

- 

—1.8 

—1-8 

9A,     . 

—1.6 

-1.0 

—1.5 

—1.0 

—2.2 

-2.1 

1.8 

1.8 

10,        . 

—0.2 

—0.2 

0.0 

0.0 

-^.5 

—0.5 

—0.8 

—0.8 

100, 

0.4 

0.4 

0.2 

0.2 

0.2 

0.2 

4.8 

4.8 

185, 

1.2 

1.2 

8.4 

8.2 

2.4 

2.3 

6.0 

6.0 

136, 

8.2 

8.2 

16.4 

16.4 

5.6 

5.6 

12.4 

12.4 

175, 

10.6 

10.8 

10.0 

10.0 

10.4 

10.4 

2.0 

2.0 

176, 

17.8 

17.6 

18.6 

18.6 

16.4 

16.2 

6.6 

5.6 

221,        . 

6.6 

6.6 

15.6 

15.2 

21.0 

21.0 

16.0 

16.0 

222, 

7.4 

7.6 

6.8 

6.8 

12.2 

11.8 

16.4 

16.4 

224, 

1.2 

1.3 

4.2 

4.2 

2.8 

2.3 

1.0 

l.O 

282, 

- 

- 

690.0 

650.0 

650.0 

640.0 

860.0 

860.0 

288, 

2.4 

2.5 

12.0 

12.0 

14.4 

14.4 

18.0 

18.0 

284, 

8.2 

8.0 

21.2 

21.2 

84.0 

- 

18.0 

18.0 

235,        . 

0.0 

0.0 

8.6 

8.6 

4.6 

4.2 

8.6 

8.6 

286, 

7.0 

7.2 

29.2 

29.2 

28.0 

28.0 

20.0 

20.0 

287,        . 

4.8 

4.8 

12.0 

12.2 

11.6 

11.6 

12.4 

12.4 

288, 

18.2 

18.2 

27.6 

27.6 

- 

- 

- 

- 

241.        . 

46.6 

86.0 

- 

- 

86.0 

34.0 

- 

- 

242, 

1.8 

1.8 

1.6 

- 

1.0 

1.0 

- 

- 

247, 

15.6 

16.0 

17.6 

17.6 

19.0 

19.0 

15.2 

15.2 

248, 

7.2 

7.2 

81.2 

81.2 

80.0 

80.0 

19.2 

19.2 

249, 

2.4 

2.4 

6.0 

5.0 

2.9 

8.0 

1.2 

1.2 

250, 

2.2 

2.2 

5.5 

5.5 

2.2 

2.2 

0.5 

0.5 
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ExperimenU  to  identify  the  Acid  in  Acid  Sewage  Effluents. 

Examinations  were  made  of  effluents  which  were  found  to  be  acid,  and 
this  acid  was  shown  to  be  a  mixture  of  nitric  and  hydrochloric  acid.  An 
example  of  this  follows. 

One  hundred  cubic  centimeters  of  the  effluent  of  Filter  No.  5B,  haying  a 
reaction  of  «— 4.5,  were  evaporated.  As  the  acidity  of  the  residue  was  0, 
acid  equivalent  to  4.5  parts  calcium  carbonate  was  driven  off,  and  there 
was  also  a  loss,  during  the  evaporation,  of  .67  part  of  nitrogen  as  nitric 
acid.  This  .67  part  of  nitrogen  was  equivalent  to  2.4  parts  of  calcium 
carbonate,  hence  the  acid  equivalent  to  the  remaining  2.1  parts  of  calcium 
carbonate  must  have  been  due  to  some  other  acid.  To  determine  this 
other  acid,  100  cubic  centimeters  of  the  effluent  of  Filter  No.  5B  were 
distilled  under  reduced  pressure,  and  a  portion  of  the  effluent  of  Filter  No. 
9 A,  having  a  reaction  of  — 1.6,  was  treated  in  the  same  way,  with  the 
following  results :  — 

Effluent  of  Filter  No,  5B, 


Puts. 


Acidity  of  sample,  . 
Acidity  of  residue,  . 
Acidity  of  dlstiUate, 


4.6 

0.0 

-4.4 


Pftrto. 


Nitrogen  as  nitrate  In  distillate. 
Chlorine  In  distillate, 


0.572 
1.88 


0.572  parts  nldrogen  ^  2.1  parts  calcium  carbonate. 
1.88  parts  chlorine  =  3.6  parts  calcium  carbonate. 


4.7 


Effluent  of  Filler  No.  9 A. 


Acidity  of  sample,  . 
Acidity  of  residue,  . 
Acidity  of  dlstmate, 


Farts. 


-1.6 

0.0 

—1.6 


Purls. 


Nitrogen  as  nitrate  In  distillate, 
Chlorine  In  distillate, 


0.227 
0.26 


0.227  parts  nitrogen =0.82  parts  calcium  carbonnte. 
0.25  parts  chlorine  =  0.85  parts  calcium  carbonate. 

1.20 

The  nitrogen  as  nitrate  and  chlorine  as  hydrochloric  acid  in  the  distillate 
account  within  the  limits  of  error  for  the  acidity  of  the  distillate  and  the 
original  sample. 
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Similar  results  were  obtained  from  a  solution  containing  free  HNOj  and 
sodium  chloride  in  the  same  amounts  as  in  these  effluents. 

These  results  show  that  the  acidity  is  due  to  free  nitric  and  hydrochloric 
acids,  and  the  hydrochloric  acid  is  probably  liberated  from  the  sodium 
chloride  by  free  nitric  acid.  Theoretically,  if  diluted  nitric  acid  is  added 
to  a  dilute  solution  of  sodium  chloride,  the  sodium  chloride  gives  up  part 
of  its  base  to  the  nitric  acid,  so  that  there  will  be  equivalent  amounts  of 
each  acid  free  in  the  solution. 

Total  Organic  Nitrogen  (Kjeldahl  Determinations). 

During  the  year  a  large  number  of  Kjeldahl  determinations  of  the 
organic  nitrogen  in  sewage  and  the  effluents  of  sewage  filters  have  been 
made.  It  has  long  been  recognized  that  albuminoid  ammonia  determina- 
tions, while  of  great  value  in  sewage  analysis,  give  a  percentage  of  the  total 
organic  nitrogen  present  that  varies  with  the  age  and  quality  of  the  sample 
of  sewage  examined.  For  this  reason,  Kjeldahl  determinations  are  of 
greater  value  and  significance.  The  monthly  averages  of  practically  all 
the  Kjeldahl  results  are  given  in  the  regular  tables  of  analyses  of  sewages 
and  effluents  in  various  portions  of  this  report.  They  add  very  materially 
to  these  tables,  and  show  more  clearly  than  the  albuminoid  ammonia  de- 
terminations the  actual  amount  of  nitrogen  present  in  the  sewage  used  at 
the  station.  There  is  presented  here  a  table  summarizing  the  Kjeldahl 
results,  and  showing  the  percentage  that  the  organic  nitrogen,  determined 
as  albuminoid  ammonia,  is  of  the  actual  organic  nitrogen.  Studying  this 
table,  it  will  be  seen  that  practically  45  per  cent,  of  the  organic  nitrogen 
in  the  effluents  of  all  classes  of  sewage  filters  in  operation  at  the  station  is 
obtained  by  the  albuminoid  ammonia  method.  In  the  samples  of  unfiltered 
sewage  collected  at  the  station  after  this  sewage  has  passed  through  a 
2^-inch  pipe,  4,400  feet  long,  reaching  from  the  sewer  to  the  station,  39 
per  cent,  of  the  nitrogen  is  found  by  the  albuminoid  ammonia  method ;  and 
88  per  cent,  of  the  nitrogen  in  the  stale  sewage  reaching  the  Andover  filtra- 
tion area  is  also  found  by  this  method.  Fresh  sewage  flowing  in  the  Law- 
rence Street  sewer  yields  only  28.5  per  cent,  of  its  organic  nitrogen  by  the 
albuminoid  ammonia  determination. 

Kjeldahl  determinations  of  the  nitrogen  in  sewage  after  this  sewage  has 
been  filtered  through  filter  paper  show  that  a  greater  percentage  of  the  nitro- 
gen in  solution  than  of  the  total  nitrogen  is  detected  by  the  albuminoid 
ammonia  determination.  This  result  is  in  line  with  previous  work,  and 
indicates  that  the  organic  matter  in  solution  is  the  most  easily  oxidized, 
and  hence  the  first  to  putrefy. 
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Avereige  of  Kjeldahl  Ratios.    [^Figure*  represent  Percentage  that  Nitrogen  deter- 
mined as  Albuminoid  Ammonia  is  of  Total  Nitrogen.'] 


Atbsagb 
evflubnts  of 

FILTBB8. 

Rboulab 
Sbwaos. 

Atbragb 
Sewaob. 

Akdovbb 

Bbwaob 

(Sbttlbd). 

EVFLUBNT 
OF  FiLTBB 

No.  222 
(Andovbb). 

Lawbbncb 
Btkbbt 
Sbwaob. 

I904. 

• 

i 

i 

1 

1 

s 

1 

i 

£ 
& 

P 

• 

i 

1 

• 

1 

• 

1 

Janaary, 

— 

— 

f 

_ 

— 

— 

38.0 

41.9 

• 

21.0 

26.3 

Tebruary, 

- 

- 

- 

- 

- 

40.2 

34.0 

33.8 

- 

22.6 

15.6 

March,  . 

- 

- 

- 

"* 

~ 

84.4 

26.1 

24.1 

- 

31.8 

84.7 

April,    . 

- 

- 

- 

- 

- 

32.3 

28.1 

28.2 

- 

35.4 

41.7 

May.      - 

- 

- 

- 

- 

41.7 

32.6 

26.5 

- 

33.6 

27.2 

June,     . 

- 

- 

- 

- 

- 

46.8 

46.0 

49.2 

- 

28.2 

26.7 

July,     .        . 

- 

- 

- 

43.1 

48.5 

42.6 

47.3 

63.4 

- 

23.8 

87.1 

August, 

46.6 

47.4 

- 

44.8 

47.8 

40.6 

43.7 

46.8 

- 

82.7 

82.2 

September,  . 

47.3 

46.6 

- 

49.7 

64.0 

44.6 

46.6 

56.8 

44.5 

31.0 

27.6 

October, 

47.1 

43.1 

42.3 

40.5 

42.4 

87.7 

36.1 

48.6 

46.4 

24.2 

26.1 

November,    . 

44.5 

43.6 

48.3 

85.6 

39.6 

82.6 

36.7 

41.6 

47.6 

29.5 

23.4 

December,    . 

88.9 

42.0 

44.4 

25.6 

25.3 

30.1 

40.6 

39.8 

39.6 

28.8 

24.7 

Average, 

44.9 

44.6 

46.0 

39.8 

44.4 

38.6 

37.9 

40.8 

44.6 

28.5 

28.8 

Bacteriologt  and  Biochemistry  op  Sewage  Purification. 

Mach  attention  has  been  given  daring  the  past  ten  years  to  the  study  of 
the  bacteria  in  sewage  and  in  the  effluents  from  various  types  of  sewage 
filters.  The  data  concerning  the  numbers  of  bacteria  in  samples  from 
these  sources  have  been  published  annually,  as  a  portion  of  the  routine 
analytical  work,  to  show  the  degree  of  bacterial  punfication  accomplished 
by  the  various  filters,  septic  tanks,  etc.  Much  information  has  also  been 
acquired  as  to  kinds  of  bacteria,  as  to  the  removal  of  bacteria  of  certain 
types,  and  as  to  the  biochemical  reactions  occurring  in  filters  and  the  types 
of  bacteria  causing  the  reactions.     A  summary  of  these  data  is  here  given. 

During  the  years  1896-99,  the  special  bacteriological  investigations  were 
devoted  to  the  determination  of  the  kinds  of  bacteria  in  sewage  before  and 
after  treatment  by  different  methods,  especially  the  bacteria  in  septic  sew- 
age and  in  the  effluents  from  filters  operated  with  septic  sewage.  Twenty 
species  of  bacteria  were  found  to  be  of  common  occurrence  in  samples  of 
this  class,  and  the  per  cent,  which  each  species  formed  of  the  total  number 
of  bacteria  in  the  samples  examined,  and  the  per  cent,  of  the  samples 
examined  which  contained  each  species,  are  shown  in  Table  No.  1,  together 
with  the  average  number  of  bacteria  per  cubic  centimeter,  the  per  cent,  of 
the  total  number  of  bacteria  which  liquefied  gelatin  in  four  days,  and  the 
per  cent,  of  the  total  number  of  bacteria  which  would  grow  at  body 
temperature. 
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In  thik  table  a  number  of  the  species  are  designated  by  names.  As  this 
work  was  one  of  comparative  and  quantitative  species  determination, 
rather  than  a  detailed  study  of  the  species  themselves,  it  is  of  minor 
importance  that  the  true  identity  of  the  species  be  established.  While  the 
species  were  completely  studied  as  far  as  was  possible  by  the  methods  in 
vogue  at  that  time,  many  of  the  data  at  present  considered  necessary  for 
identifying  bacterial  species  were  not  obtained,  and  the  names  given  should 
be  considered  as  indicating  only  approximately  the  class  or  group  of  organ- 
isms in  which  the  species  would  be  included.  The  determination  of  the 
per  cent,  of  the  total  bacteria  which  will  grow  at  body  temperature  has  a 
special  signiGcance,  in  that  disease  germs  grow  best  at  that  temperature, 
and  the  bacteria  which  fail  to  develop  under  these  conditions  could  not  be 
of  pathological  importance.  It  will  be  noted  that  not  only  do  the  septic 
tank  and  the  two  filters  studied  remove  a  large  percentage  of  the  total 
bacteria,  but  also. that  the  removal  of  the  bacteria  which  are  able  to  grow 
at  body  temperature  is  much  greater  than  that  of  the  other  kinds. 

Table  No.  1.  —  Showing  Species  of  Bacteria  in  Sewage^  Septic  Sewage  and 
in  the  Effluents  of  Filters  receiving  Septic  Sewage. 


SawAOB. 

Skptic  Skwaob. 

ErrLUBKT  or 
FiLTBB  No.  100. 

ErrLUBNT  or 
FiLTBB  No.  103. 

AVXRAOI 

NUMBBB  or   BACTKB 

lA  PKB  CUBIC  CBirriMBTBB. 

Per 

i,ooo. 

5»8,000. 

56,500. 

»6,<N»0. 

Per 
Cent,  of 

Total 
Bacteria. 

Per 

- 

Per 
Cent,  of 

Total 
Bacteria. 

Per 

Per 

Per 

Per 

Cent,  of 

Cent,  of 

Cent,  of 

Cent. 

Cent,  of 

Cent. 

Samples 

Samples 

<  Samples 

of  ToUl 

Samples 

of  Total 

Present 
in  — 

present 
in  — 

present 
In  — 

Bac- 
teria. 

present 
in  — 

Bac- 
teria. 

Liquefy  gelatin, 

_ 

16.0 

_ 

9.5 

_ 

6.8 

. 

11.1 

Grow  at  body  temperature, 

- 

33.6 

- 

26.1 

- 

36.9 

- 

28.0 

B.  coll,        .... 

— 

2.0 

— 

8.1 

- 

18.3 

- 

22.2 

B.  subtilifl, . 

100.0 

4.2 

84.0 

1.6 

100.0 

3.4 

100.0 

5.0 

B.  viilgarlB, 

0.0 

0.0 

6.0 

0.2 

18.0 

0.2 

6.0 

0.1 

B.  megatheriuin 

8.0 

0.2 

5.0 

0.3 

7.0 

0.1 

7.0 

O.l 

B.  prodlgeosus, 
B.  hyalinus. 

0.0 

85.0 

0.0 
4.1 

16.0 
86.0 

0.1 
2.0 

0.0 
60.0 

0.0 
1.3 

0.0 
45.0 

0.0 

0.8 

B.  flavescens, 

13.0 

0.4 

11.0 

0.8 

3.0 

0.1 

3.0 

0.3 

B.  stolonlferus. 

23.0 

0.6 

10.0 

0.7 

0.0 

0.0 

3.0 

0.2 

B.  aerogencs. 

53.0 

2.1 

46.0 

1.4 

43.0 

0.4 

28.0 

l.l 

Ps.  putlda, . 

100.0 

16.0 

79.0 

12.6 

100.0 

17.0 

100.0 

16.6 

Ps.  ocliracea. 

68.0 

6.4 

62.0 

1.5 

56.0 

0.3 

62.0 

1.1 

Str.  ])roteu8, 

13.0 

0.4 

28.0 

0.9 

23.0 

0.3 

25.0 

2.6 

Sp.  No.  059, 

— 

1.6 

— 

5.8 

— 

2.5 

— 

3.1 

Sp.  No.  062, 

0.0 

0.0 

14.0 

0.7 

0.0 

0.0 

0.0 

0.0 

Sp.  No.  063, 

0.0 

0.0 

14.0 

7.6 

0.0 

0.0 

0.0 

0.0 

Sp.  No.  077, 

87.0 

2.1 

69.0 

1.6 

67.0 

0.9 

77.0 

1.2 

Sp.  No.  078, 

0.0 

0.0 

4.0 

0.1 

0.0 

0.0 

0.0 

0.0 

Sp.  No.  079, 

17.0 

0.9 

11.0 

2.8 

3.0 

0.2 

8.0 

0.1 

Sp.  No.  082, 

0.0 

0.0 

1.0 

O.l 

0.0 

0.0 

8.0 

0.4 

8p.  No.  090, 

62.0 

4.3 

47.0          3.5 

1 

30.0 

1.0 

25.0 

0.6 

During  October  and  November,  1901,  studies  were  made  of  a  few  of  the 
sewages  applied  to  and  effluents  of  sewage  filters  of  coarse  materials,  the 
investigations  at  this  time  being  devoted  to  a  determination  of  the  ratio  of 
liquefying  bacteria,  spores  and  B.  coli  to  the  total  number  of  bacteria. 
The  significance  of  the  B.  coli  determinations  is  too  well  known  to  require 
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discussion,  the  remoyal  of  this  type  iDdicating  the  rerooval  of  other  non- 
spore-bearing  disease  germs.  The  studies  of  the  presence  of  spore-bearing 
types  were  undertaken  to  determine  roughly  what  would  be  the  fate  of 
spore-bearing  disease  germs,  such  as  the  bacillus  of  anthrax.  The  results 
of  these  studies  show  clearly  that,  while  there  is  a  material  reduction  in 
the  total  number  of  bacteria  and  in  the  number  of  bacteria  of  non-spore- 
bearing  types  by  passage  through  the  septic  tank  and  through  contact  and 
continuous-intermittent  or  trickling  filters,  there  is  no  perceptible  reduction 
in  the  numbers  of  spore-bearing  bacteria. 

Table  No.  2.  —  Showing  the  Passage  of  Spore-bearing  Bacteria  and  B.  Coli 

through  Septic  Tanks  and  Sewage  Filters. 


SAMPLsg  nou  — 


Bactkria. 


Avenge 

Number 

per  Cubic 

Centimeter. 


Per  Cent.  Average  Nam 
which        ber  of  Types 
Liquefied  which  Liquefy 
Gelfttin.  Gelatin. 


Sewage,     . 

SepUc  sewage,  . 

Filter  No.  100,  . 

Filter  No.  108,  . 

Filter  No.  137,  . 

Filter  No.  186,  . 

Filter  No.  136,  . 


2,427,000 

7.7 

1,382,000 

6.8 

90,400 

10.6 

191,600 

11.1 

688,000 

7.6 

3,000 

33.0 

7,000 

29.0 

4 
4 
2 
1 
2 
2 
3 


SroBBs. 


Average 

Number 

per  Cubic 

Centimeter. 


Per  Cent, 
of  Total 
Bacteria. 


Average 
Number  of 
Types  per 

Sample. 


61 
59 
40 
38 
88 
142 
43 


0.0029 
0.0052 
0.0520 
0.0970 
0.0070 
4.7000 
0.6100 


6 
6 
2 
2 

2 
1 
3 


B.  GoLi. 


Per  Cent, 
of  Total 
Bacteria. 


4.00 
0.86 
0.11 
0.80 
0.20 


During  1902-1904,  inclusive,  extensive  studies  were  made  of  the  passage 
of  B.  coli  through  sewage  filters.  While  B.  coli,  as  has  been  pointed  out 
many  times  in  previous  reports,  cannot  be  considered  to  be  a  disease  germ, 
nevertheless,  as  regards  length  of  life  under  a  variety  of  unfavorable  con- 
ditions, it  is  very  similar  to  the  bacillus  of  typhoid  fever,  and  from  its 
study  in  sewage  effluents  we  may  draw  inferences  as  to  what  would  be  the 
effectiveness  of  these  filters  in  removing  that  organism.  From  the  results 
obtained  it  is  evident  that  sewage  filters  of  coarse  materials,  operating  at 
high  rates,  will  not  remove  all  the  bacteria  of  the  colon  type.  On  the 
other  hand,  intermittent  sand  filters  may  remove  all,  or  at  least  a  large 
proportion  of  these  germs  at  certain  times.  The  large  Filters  Nos.  2  and 
4,  filled  with  fine  sand  and  operated  at  low  rates,  have  been  particularly 
efficient  in  this  respect,  B.  coli  being  always  absent  from  1  cubic  centi- 
meter samples  of  the  efiAuents  from  these  filters,  and  were  only  occasion- 
ally found  when  100  cubic  centimeters  of  the  water  were  examined.  The 
percentage  removal  of  B.  coli  during  treatment  by  different  methods  has 
been  as  follows :  — 

Septic  Tank  A  removed  an  average  of  46  per  cent,  of  the  B.  coli,  the 
removal  varying  from  71  per  cent,  in  March,  1904,  to  none  in  April  of  the 
same  year. 
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Of  the  sand  filters  receiving  raw  sewage,  Filters  Nos.  2  and  4  removed 
practically  all  of  the  B.  coli ;  Filters  Nos.  6  and  10  removed  over  99  per 
cent. ;  Filter  No.  9A  removed  over  98  per  cent. ;  and  Filters  Nos.  1  and  5 
removed  about  97  per  cent,  of  the  B.  coli. 

Filter  No.  100,  a  sand  filter,  removed  over  98  per  cent,  of  the  B.  coli 
from  the  septic  sewage  with  which  it  was  operated. 

Of  the  contact  filters  operating  with  raw  sewage,  Filter  No.  221  removed 
nearly  49  per  cent.,  and  Filter  No.  176  removed  over  71  per  cent. ;  while 
Filter  No.  103,  which  received  septic  sewage,  removed  over  76  per  cent, 
of  the  B.  coli  applied.  Filter  No.  175,  which  received  strained  sewage, 
removed  only  a  very  small  percentage  of  the  B.  coli. 

Both  of  the  intermittent-continuous  or  trickling  filters,  constructed  of 
coarse  materials,  and  operated  with  raw  sewage  at  high  rates,  showed  a 
high  percentage  removal  of  the  test  organism,  Filter  No.  135  removing 
over  99  per  cent.,  and  Filter  No.  136  about  97  per  cent.  In  the  two 
tables  following  are  shown  the  results  of  this  investigation,  Table  No.  3 
showing  the  average  monthly  number  of  B.  coli  in  the  samples  from  the 
different  sources,  and  Table  No.  4  showing  the  percentage  removal  of  the 
test  germ  by  different  methods  of  treatment. 


Table  No.  8. —  Showing  Average  Monthly  Number  of  B,  Coli  per  Cubic  Centi- 
meter  in  Sewage  and  the  Effluents  from  Sewage  Filters. 


Samplm  from  — 


Jan., 


Feb., 
1908. 


July,  j  D«c., 
190S. !  1908. 


Jan., 
1904. 


Feb., 
1904. 


Maroh, 
1904. 


AprU, 
1904. 


May, 
1994. 


June, 
1994. 


Lawrence  Street  sewage, 
station  sewage,  . 
Septic  sewage,  A, 
Effluent  of  Filter  No.  1, 


ft 


<< 


<( 
<( 
<< 
(I 
« 
<f 
tf 
« 


« 


t< 


t< 


•f 


it 


(t 


It 


« 


(( 


«f 


it 


tt 


tf 


2, 

4. 

6, 

6, 

9A, 
10, 
100, 
103, 
136, 
186, 
175, 
176, 
821, 


12,000 
0* 

Of 
8,500 

0 
560 

13,500 

295 

560 

18,700 

11,500 


4,700 
0» 

Of 
1,100 

0 
600 

16,800 

0 

400 
8,600 
7,200 


460 
0» 

Of 
2,500 
1,040 

0 
24 

66 
1,600 
6,800 


48,800 

110,000 

40,000 

7,800 

0* 

0* 

2,200 

0* 

2,000 

1 

1,100 

17,300 

190 

1,800 

82.800 

89,800 

25,000 


48,700 

116,900 

78,500 

67,500 

281,000 

97,600 

76,500 

57,200 

41,600 

144,000 

58,800 

32,800 

16,500 

63,800 

86,400 

460 

2,800 

7,700 

1,900 

65 

0* 

0* 

0» 

or 

Ot 

0* 

0* 

0* 

0* 

0* 

6,700 

6,100 

8,900 

400 

276 

250 

1,400 

600 

1,600 

21 

5,900 

425 

400 

160 

8 

80 

140 

800 

24 

5 

170 

600 

140 

1,800 

660 

10,800 

11,800 

1.700 

10,000 

16,800 

800 

2,400 

850 

140 

1,400 

1,900 

4,000 

1,900 

900 

6,600 

40,000 

86,300 

15,000 

19,000 

88,000 

35,000 

16,800 

6,800 

86,000 

48,400 

33,200 

27,500 

16,600 

88,500 

90.000 

111,000 
87,800 
47,100 
200 
0* 
0* 
96 
500 
95 
0* 
1,000 


U,000 

8,600 

90,400 


*  B.  coli  absent  from  both  1  and  100  cubic  centimeters. 

t  B.  coli  absent  from  1  cubic  centimeter,  but  found  occasionally  in  100  cubic  centimeters. 
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Table  No.  4.  —  Shaioing  PercerUagt  Removal  of  B,  Coli  by  Different  Methods  of 
Sewage  TrealmetU.  (Filters  Nos.  1,  5,  6,  9A,  10  and  100  are  Sand  Filters^ 
Filters  Nos.  103, 175, 176  and  221  are  Contact  Filters,  and  FiUers  Nos, 
135  and  136  are  IniermiUent'Conlinuous  Filters.) 


Samplss  irBOM  — 

Deo., 
1908. 

Jan., 
1904. 

Feb., 
1904. 

March, 
1904. 

April, 
1904. 

May. 
1904. 

June, 
1904. 

Avenge. 

By  Septic  Tank  A, 

68.60 

45.90 

57.10 

71.10 

«• 

40.00 

46.80 

46.40 

By  Filter  No.  1, 

03.87 

99.54 

96.99 

86.54 

96.42 

99.99 

99.77 

96.76 

5, 

98.00 

98.14 

98.38 

98.18 

99.04 

99.81 

99*89 

96.96 

6,       . 

- 

99.74 

98.17 

98.95 

96.14 

99.99 

99.43 

99.29 

• 

9A.    . 

96.18 

98.96 

99  .U 

99.80 

99.64 

W.ov 

W.Ov 

96.64 

10. 

9v«9B 

99.97 

99.82 

99.47 

99.94 

99.99 

- 

99.92 

100. 

97.26 

99.67 

98.17 

99.16 

96.65 

99.25 

97.87 

98.38 

103, 

56.75 

80.49 

64.02 

89.69 

81.41 

82.29 

- 

76.40 

135, 

99.83 

99.69 

96.86 

99.89 

99.66 

99.08 

- 

99.09 

136, 

96*36 

96.05 

94.77 

96.68 

97.83 

96.18 

- 

96*96 

175, 

4.20 

16.60 

_• 

- 

- 

- 

- 

- 

176, 

73.36 

64.14 

78.69 

88.11 

13.25 

70.65 

90.32 

71.60 

221, 

77.27 

66.96 

64.05 

71.15 

45.78 

37.50 

_• 

48.80 

*  Number  of  B.  coli  In  efflaent  higher  than  in  applied  sewage. 

The  determinations  of  the  species  of  bacteria  in  sewage  and  in  the 
effluents  of  sewage  filters,  further  than  determinations  of  the  passage  of 
disease  germs  through  these  filters,  while  of  interest,  are  of  little  practical 
value  unless  they  are  combined  with  studies  of  the  biochemical  reactions 
which  these  bacteria  produce  in  sewage.  Daring  1903-1904  extensive 
studies  were  made  to  determine  what  biochemical  reactions  occur  in  differ- 
ent methods  of  sewage  disposal,  what  types  of  bacteria  are  responsible  for 
these  reactions,  and  the  relative  numbers  of  bacteria  of  the  various  bio- 
chemical groups,  together  with  the  amount  of  change  which  each  type  of 
bacteria  is  able  to  produce  and  the  rapidity  with  which  it  causes  that 
change. 

The  detailed  results  of  these  investigations  are  too  long  for  insertion 
here,  and  have  been  separated  into  two  papers,  one  describing  new  methods 
of  biochemical  analysis,  with  a  discussion  of  their  practical  application  in 
the  study  of  sewage  disposal  systems,  and  the  other  dealing  with  the  theo- 
retical and  biochemical  aspects  of  the  sewage  disposal  problem.* 

*  "The  Fnnctions  of  Various  Types  of  Bacteria  In  the  Purification  of  Sewage."  H.  W.  Clark 
and  Stephen  DeM.  Oage.  Engineering  News,  Vol.  llil,  1905,  page  27.  '*  Contribution  to  the  Bio- 
chemistry- of  Sewage  Purification;  the  Bacteriolysis  of  Peptones  and  Nitrates."  Stephen  DeM. 
Gage.  Technology  Quarterly,  xvlll,  1905,  page  ft.  Journal  of  the  American  Chemical  Society, 
xyll,  1S06,  page  827.  A  complete  bibliography  of  the  biochemistry  is  included  in  the  latter  paper, 
pages  13  to  21  Incluslye. 


236 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


Of  the  biochemical  functions  of  the  bacteria  concerned  in  sewage  dis- 
posal, the  most  important  are  the  power  to  peptonize  or  liquefy  the  organic 
matter  in  suspension,  the  power  to  break  down  the  soluble  proteids  into 
ammonia,  and  the  power  to  convert  this  ammonia  into  some  stable  product, 
such  as  nitrates,  or  into  free  nitrogen.  Denitrification,  while  in  a  measure 
a  retrograde  process,  undoubtedly  does  occur  in  sewage  filters,  and  the 
secondary  reactions  between  the  reduction  products  of  nitrates  and  the 
intermediate  products  of  peptonization,  leading,  as  they  do,  to  the  libera- 
tion of  nitrogen  as  the  lower  oxides  and  as  free  nitrogen,  are  probably  of 
more  importance  than  has  formerly  been  thought  to  be  the  case.  The 
studies  previously  presented  in  this  report  showing  that  in  sand  filters 
only  about  55  per  cent,  of  the  applied  nitrogen  appears  as  nitrates  iu  the 
filter  effluents,  and  results  presented  in  this  and  previous  reports,  showing 
the  great  disappearance  of  nitrogen  in  the  operation  of  contact  filters, 
prove  the  truth  of  this  statement. 

Some  three  hundred  cultures  of  bacteria  common  in  sewage  and  in  the 
effluents  of  sewage  filters,  carefully  selected  from  the  colonies  on  gelatin 
plates  in  such  a  manner  as  to  represent  all  of  the  kinds  of  bacteria  in 
the  sample  under  analysis,  have  been  examined  to  determine  their  ability 
to  produce  ammonia  in  pepton  solution,  to  reduce  nitrates  in  nitrated 
pepton  solution,  and  to  liquefy  organic  matter  in  the  form  of  gela(in 
during  a  uniform  incubation  period  of  seven  days.  From  the  data  thus 
accumulated  it  has  been  possible  to, compute  the  percentage  of  the  total 
number  of  bacteria  in  the  individual  samples  which  possess  these  functions, 
and  to  determine  the  relation  between  the  peptonizing  power  of  these 
bacteria  and  their  ammonifying  and  denitrifying  powers.  That  a  consid- 
erable percentage  of  the  bacteria  commonly  found  in  sewage  and  in  the 
effluents  and  material  from  sewage  filters  is  able  to  produce  these  reactions 
to  a  greater  or  less  extent  is  shown  by  the  following  table :  — 


Distribution  of  Ammonifying  and  Denitrifying  Bctderia. 


SOUSCB. 


Pbbcbntaob  of  Total 

BACTBEIA  "WHICH  — 


Ammonify 
Pepton. 


Reduce 
Nitrates. 


Sewage, 
Septic  sewage, 
Efflaent  of  contact  filters, 
Effluent  of  trickling  filters, 
Effluent  of  sand  filters, 
Sand  from  sewage  filters, 


70 
d9 
61 
71 
70 
70 


Comparing  the  results  obtained  with  cultures  which  liquefied  the  gelatin 
with  those  which  did  not  liquefy,  it  is  found  that  the  liquefiers  have  an 
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average  ammonifying  power  nearly  twice  as  great  as  the  non-liquefiers, 
and  that  they  have  a  denitrifying  power  about  three  times  as  great  as 
shown  by  the  total  redaction  of  nitrates  and  nearly  four  times  as  great 
as  shown  by  the  production  of  nitrites.  In  each  group  of  cultures,  both 
liquefying  and  non-liquefying,  some  were  found  which  caused  large  changes 
in  the  nitrogen  content  and  others  which  caused  no  change  whatever.  A 
study  of  the  individual  analyses,  however,  reveals  that,  while  30  per  cent, 
of  the  non-liquefying  bacteria  were  unable  to  reduce  nitrates,  only  8  per 
cent,  of  the  liquefying  cultures  failed  in  that  function.  Again,  32  per 
cent,  of  the  non-liqu*efying  cultures  did  not  produce  nitrites  in  the  nitrate 
solution,  and  the  same  percentage  of  cultures  failed  to  show  any  ammonia 
production  in  the  pepton  solution.  On  the  other  hand,  the  number  of 
liquefying  cultures  which  failed  to  produce  nitrites  was  15  per  cent.,  or 
less  than  one- half  as  many ;  and  the  percentage  of  cultures  which  failed  to 
break  down  pepton  into  ammonia  was  only  2  per  cent.,  or  one-eighth  as 
many  as  with  the  non-liquefying  cultures.  In  other  words,  as  shown  by 
the  amount  of  change  and  the  percentage  of  cultures  reacting,  the  liquefy- 
ing cultures  are  much  more  active  in  causing  putrefaction  and  denitrifica- 
tion  than  are  the  non-liquefying  cultures.  The  comparative  results  obtained 
with  liquefying  and  non-liquefying  cultures  have  been  grouped  in  the  fol- 
lowing table :  — 

Tcible  showing  the  Relation  between  Peptonization^  AmmonificcUion  and  Denitriji' 

cation. 


Cultures  which 

do  not  liquefy 

Gelatin. 


Cultures  which 

do  liquefy 

Gelatin. 


Number  of  cnltnres  examlDed, 


lis 


Per  Cent,  of  Cultures  which  failed  to  — 


Reduce  nitrates,  . 
Prodace  nitrites,  . 
Produce  ammonia  from  pepton, 


8.0 

16.0 

2.0 


Amount  of  Nitrates  redticed^  Parts  per  100,000. 


Average, 
Maximnm, 
Minim  nm, 


5.3 
9.6 
0.0 


Amount  of  Nitrites  produced.  Parts  per  100,000. 


▲yerage, 
Maximnm, 
Minim  am. 


6.1 

12.0 

0.0 
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Table  showing  the  Relation  between  PeptonizcUicn^  Ammonificaiion  and  Denitrifi- 

cation — Concluded. 

Amount  of  Ammania  prodtioed  from  Peptone  Parts  per  100,000, 


Cultures  which 

do  not  liquefy 

Oelatln. 


Coltores  which 

do  liquefy 

Oelatin. 


Average, 

Maximiim, 

Minimum, 


0.7 
6.S 
0.0 


Thirty  cultures  of  bacteria,  representing  the  forms  most  commonly  found 
in  sewage  and  in  the  effluents  from  sewage  filters,  have  been  studied  care- 
fully, to  determine  the  character  and  amount  of  change  which  they  will 
produce  in  the  nitrogenous  contents  of  solutions  containing  nitrogen  in  the 
form  of  commercial  pepton  and  potassium  nitrate.  Two  solutions,  one 
containing  1  per  cent,  of  pepton  and  the  other  1  per  cent,  of  pepton  and 
nitrogen  as  nitrates,  equivalent  to  12  parts  of  nitrc^en  per  100,000,  were 
seeded  with  each  of  the  test  oi^anisms,  and  were  kept  under  observation 
for  three  weeks  or  more.  Determinations  of  the  total  amount  of  nitrogen 
were  made  on  all  cultures  at  the  beginning  and  end  of  the  period  of  study, 
and  daily  determinations  were  made  of  the  amount  of  nitrates,  nitrites  and 
ammonia  present  in  each.  It  has  been  assumed  that  the  reactions  produced 
by  bacteria  under  these  conditions  might  well  be  produced  by  the  same  kinds 
of  bacteria  in  sewage  during  its  process  of  purification,  should  favorable  con- 
ditions occur.     That  this  assumption  is  correct  will  be  shown  further  on. 

From  the  results  obtained  in  this  study  it  becomes  possible  to  state 
definitely  that  bacteria  common  in  sewage  purification  are  able  to  pro- 
duce ammonia  from  organic  matter,  to  reduce  nitrates  to  nitrites  to 
ammonia  and  probably  to  elementary  nitrogen,  to  liberate  nitrogen  from 
solutions  of  organic  matter,  either  with  or  without  the  presence  of  nitrates 
or  its  reduction  products,  and  to  fix  atmospheric  nitrogen,  —  all  of  which 
reactions  have  been  noted  by  other  observers,  but  about  which  there  has 
been  more  or  less  controversy.  Many  sewage  bacteria  also  produce  the 
lower  oxides  of  nitrogen  as  reduction  products  of  nitrates,  which  oxides 
play  an  important  part  in  the  further  decomposition  of  the  organic  matter 
in  solution,  either  through  catalytic  action  or  by  direct  chemical  reaction. 

Furthermore,  certain  of  these  bacteria  may  produce  an  oxide  or  at  least 
a  compound  of  nitrogen  intermediate  between  nitrates  and  nitrites,  which 
apparently  has  not  been  noted  hitherto. 

The  amount  of  ammonia  produced  by  the  different  cultures  and  the  rate 
of  ammonification  varied  considerably,  some  of  the  cultures  reacting  as 
early  as  the  fourth  day,  while  other  cultures,  which  eventually  reacted 
strongly,  did  not  begin  to  ammonify  until  after  periods  of  ten  to  fourteen 
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days.  Similar  phenomena  were  noted  with  regard  to  the  reaction  of  the 
cultures  on  nitrates.  Some  reduced  the  nitrates  rapidly  and  completely, 
aome  denitrified  slowly,  some  reacted  only  after  a  fairly  long  period  of 
incubation,  and  others  caused  no  change.  Some  cultures  were  able  to  re- 
duce the  nitrates  to  nitrites,  ammonia  and  elemeotary  nitrogen  continu- 
ously from  the  start,  while  with  other  cultures  the  reduction  to  these  various 
bodies  occurred  consecutively,  and  with  still  others  one  or  another  of  the 
reduction  products  was  not  formed  during  the  period  over  which  the  ex- 
amination of  the  cultures  extended.  In  a  few  instances  nitrites  were  pro- 
duced in  quantities  far  greater  than  the  amount  of  nitrates ;  and,  if  the 
results  are  not  in  error,  this  can  be  explained  only  on  the  supposition  that 
a  direct  oxidation  or  nitrification  occurred,  caused  either  by  bacterial  action 
or  by  some  undetermined  secondary  reaction; 

In  the  following  table  are  shown  the  results  of  analyses  of  the  various 
cultures  made  at  the  end  of  their  period  of  incubation.  By  the  use  of  the 
determinations  of  nitrates,  nitrites  and  ammonia,  and  of  the  values  for 
total  nitrogen  by  the  Kjeldahl  method,  we  have  been  able  to  compute  the 
total  gain  or  loss  of  nitrogen  by  each  culture,  and  to  compare  the  change 
in  the  organic  nitrogen  with  the  change  in  the  nitric  nitrogen.  Eighteen 
of  the  thirty  cultures  showed  a  loss  of  nitrogen  in  the  pepton  solution,  and 
twelve  of  the  cultures  showed  a  gain  in  nitrogen.  In  the  nitrated  solution, 
fifteen  of  the  cultures  showed  a  loss  of  nitrogen,  and  thirteen  showed  a 
gain.  Eighteen  of  the  cultures  agreed  as  to  gain  or  loss  of  nitrogen  as  de- 
termined in  the  two  solutions.  Two  of  the  cultures  showed  no  change  in 
the  nitrate  solution,  and  ten  of  the  cultures  showed  a  gain  or  loss  of  nitro- 
gen in  the  pepton  solution,  when  the  reverse  was  true  in  the  nitrate  solu- 
tion. With  eight  of  these  ten  cultures,  the  gain  or  loss  of  nitrogen  in  one 
solution  or  the  other  was  0.5  part  per  100,000  of  nitrogen  or  less,  this 
being  the  probable  limit  of  error  of  the  Kjeldahl  method. 

The  maximum  gain  in  nitrogen  in  the  pepton  solution  was  12.0  parts, 
and  the  maximum  gain  in  the  nitrate  solution  was  12.1  parts.  The  great- 
est losses  of  nitrogen  were  5.0  parts  in  the  pepton  solution  and  6.6  parts 
of  nitrogen  in  the  nitrate  solution.  Assuming  that  the  error  of  the  methods 
is  0.5  part  per  100,000,  twenty-two  of  the  thirty  cultures  gained  or  lost 
more  than  this  amount  in  the  pepton  solution  and  twenty-three  gained  or 
lost  more  than  this  amount  in  the  nitrate  solution.  Comparing  the  reduc- 
tion of  organic  nitrogen  by  the  same  culture  in  the  two  solutions,  with  twenty 
cultures  a  greater  reduction  in  total  nitrogen  occurred  in  the  nitrate  solu- 
tion than  in  the  pepton  solution,  either  through  increased  activity  of  the 
bacteria  in  the  presence  of  nitrates,  or,  as  is  more  probable,  through  sec- 
ondary reactions  between  the  decomposition  products  of  the  nitrates  and 
organic  nitrogen. 

Comparing  the  reduction  of  organic  nitrogen  with  the  reduction  of  nitric 
nitrogen,  we  find  that,  of  twenty-four  cultures  which  showed  a  reduction 
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of  organic  nitrogen  of  0.5  part  or  more,  seven  failed  to  reduce  nitrates ; 
while  of  the  six  cultures  which  did  not  cause  any  material  reduction  in  the 
organic  nitrogen,  three  were  able  to  produce  a  decided  reduction  of  nitrates* 

Table  showing  the  Oain  or  Lass  of  Nitrogen  produced  by  Cultures  of  Bacteria  in 
Organic  Solution  with  and  tvilhout  the  Presence  of  Nitrates, 

[Parta  per  100,000.] 


1 
Pbptok  Solutiok. 

1 

NlTRATB   PRPTON 

BOLUTIOK. 

CULTURS. 

Reduction 

of 

Organic 

Nitrogen. 

Deter- 
mined aa 
Anunonia. 

Gain(+)    ' 

orLoaa(— ), 

of  ToUl     ' 

Nitrogen.   | 

1 

RBDUCTION   or  — 

1 

DBTKRMINKD   AB — 

Gain(+) 

or  LoM  (— ) 

of  Total 

Nitrogen. 

Organic 
1  Nitrogen. 

1 

Nitric     ' 
Nitrogen.  1 

Ammonia. 

Nitritei. 

1 

10 

6.0 

18.0 

+12.0      ' 

8.3 

2.7 

12.0 

0 

i-l.O 

16 

8.6 

7.6 

-H-o 

0.4 

0 

1.0 

0 

+0.6 

8 

0 

2.8 

+2.8 

0 

2.6 

2.8 

0.8      ' 

+0.6 

23 

0 

0.7 

+0.7 

0.1 

0 

0.5 

0 

+0.4 

4 

0 

0.6 

+0.6 

4.5 

6.0 

7.5 

6.0 

+2.0 

1 

1.6 

2.1 

+0.5 

2.2 

0 

3.8 

0.1 

+1-7 

29 

2.3 

2.7 

+0.4 

3.2 

1.5 

1.9 

4.5 

,        +1.7 

1 

12 

2.1 

3.8 

+1.7 

2.3 

0 

1.0 

^     ! 

1 

1        —0.4 

9 

1.1 

2.8 

+1.2 

2.8 

6.3 

3.8 

8.0 

—1.8 

18 

1.8 

2.2 

+0.4 

2.4 

2.7 

1.8 

2.6 

-0.7 

11 

0.1 

0.6 

+0.4 

4.5 

6.0 

5.0 

2.8 

-2.7 

13 

8.8 

4.2 

+0.9 

1.4 

1 
0 

1.4 

0 

0 

6 

6.8 

1.8 

—6.0 

0 

1.0 

0.6 

0.8 

1 

—O.I 

17 

3.0 

0.2 

—2.8 

3.0 

2.8 

3.0 

2.2 

—O.l 

7 

4.6 

2.2 

-2.3 

3.2 

3.5 

1.8 

1.6 

—8.8 

83 

2.0 

0 

—2.0 

2.2 

1.5 

0.6 

0.5 

—2.6 

24 

6.2 

4.8 

-1.4 

8.4 

4.5 

8.6 

1.8 

—2.5 

86 

1.1 

0.1 

—0.7 

1.6 

0 

0.6 

0 

—0.9 

40 

2.9 

1.6 

—1.4 

2.8 

2.5 

1 

1.9 

2.2 

—1.2 

27 

1.6 

0.9 

—0.6 

2.6 

0 

0.6 

0 

—1.9 

32 

6.8 

4.8 

—0.6 

9.0 

1.5 

8.9 

0 

-6.6 

26 

0.4 

0.2 

—0.2 

1.6 

0 

0.7 

O.l 

—0.8 

88 

0.6 

0.4 

—0.2 

2.1 

0 

1.1 

0.9 

-0.1 

34 

1.7 

0 

—1.7 

4.1 

2.5 

1.7 

17.0 

+12.1 

2 

2.4 

1.1 

—1.3 

0 

0 

0.9 

0.1 

+1.0 

81 

3.2 

2.4 

—0.8 

5.5 

11.0 

3.9 

15.0 

+«.* 

41 

2.8 

1.8 

—0.5 

3.1 

2.5 

2.1 

4.0 

+0.5 

80 

0.6 

0.8 

—0.2 

0 

2.5 

4.7 

0 

+2.2 

26 

0.6 

0.8 

—0.2 

4.9 

1 

9.0 

2.7    • 

15.0 

+3.8 

* 

22 

8.1 

8.0 

-0.1 

1        ^-^ 

2.1 

2.6 

1.8 

0 
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In  order  to  make  these  biochemical  studies  of  practical  value  as  methods 
for  sewage  analysis,  it  is  necessary  that  tbey  be  expressed  quantitatively 
and  according  to  some  definite  formula.  The  liability  of  a  change  in  the 
character  of  the  sewage  by  the  action  of  its  bacterial  contents  or  by  the 
action  of  the  bacteria  in  the  filter  depends  upon  the  number  of  bacteria  at 
work  and  upon  the  individual  power  of  those  bacteria  to  produce  the 
changes  in  question,  this  being  called  the  potential  of  the  sewage  under  the 
given  conditions.  The  quantitative  expression  of  the  potential  can  be  called 
the  coefficient,  this  coefficient  being  the  product  of  the  amount  of  chemical 
change  which  the  individual  bacteria  are  able  to  produce  in  a  definite  time 
by  the  numbers  of  bacteria  which  are  producing  that  reaction.  For  con- 
venience, the  amount  of  change  produced  in  a  solution  containing  0.1  per 
cent,  of  pepton,  a  solution  containing  0.1  per  cent,  of  pepton  and  potassium 
nitrate  equivalent  to  12  parts  per  100,000,  and  in  standard  gelatin,  during 
seven  days'  incubation  at  20°  C,  has  been  selected  as  a  standard,  and  the 
number  of  bacteria  in  the  sample  has  been  expressed  as  millions  of  bacteria 
per  cubic  centimeter.  Thus  the  numerical  expression  of  the  total  ability 
of  the  bacteria  in  a  sample  to  produce  ammonia  from  organic  matter  is  the 
ammonifying  coefficient ;  of  the  total  ability  to  reduce  nitrates  is  the  deni- 
trifying coefficient ;  and  the  total  ability  to  liquefy  albuminous  matter  is  the 
liquefying  coefficient. 

The  term  nitrogen-liberating  coefficient  used  here  is  the  expression  of  the 
ability  to  liberate  nitrogen  from  nitrates,  and  is  independent  of  the  total 
gain  or  loss  of  organic  nitrogen  previously  discussed.  The  determination 
of  these  coefficients  is  as  follows :  each  colony  on  a  gelatin  plate  from  any 
sample  represents  an  aliquot  portion  of  the  total  number  of  bacteria  in  the 
sample,  and  the  amount  of  ammonia  produced  from  organic  matter  by  this 
culture,  expressed  as  parts  of  ammonia  per  100,000,  is  the  ammonifying 
power  of  the  culture.  The  ammonifying  power  of  the  culture  multiplied 
by  the  estimated  number  of  bacteria  of  that  type  in  the  sample  ex- 
pressed as  millions  of  bacteria  per  cubic  centimeter  becomes  the  ammoni- 
fying coefficient  of  the  type  of  bacteria,  and  the  sum  of  the  ammonifying 
coefficients  of  all  the  types  in  a  given  sample  becomes  the  ammonifying 
coefficient  for  the  sample.  The  denitrifying  coefficient  and  the  nitrogen- 
liberating  coefficient  are  determined  in  a  similar  manner.  The  liquefying 
coefficient  of  each  type  of  bacteria  is  obtained  by  multiplying  the  depth  of 
liquefaction  in  millimeters  produced  in  gelatin  by  the  culture  inoculated 
onto  the  surface  of  the  gelatin,  in  seven  days*  incubation  at  20°  C,  by  the 
number  of  millions  of  bacteria  of  that  type  in  the  sample ;  and  the  sum  of 
the  liquefying  coefficients  of  the  different  types  of  bacteria  in  the  sample  is 
the  liquefying  coefficient  of  the  sample. 

During  the  first  six  months  of  1904,  a  considerable  number  of  sewage 
and  sewage  effluents  were  examined  by  these  methods.  Inspecting  the 
results  of  these  examinations  as  compiled  in  the  following  table,  it  will  be 
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noted  first  that  there  is  considerable  variation  in  the  coefficients  as  deter- 
mined for  Lawrence  sewage  at  difi'erent  times,  and  also  that  the  coefficients 
for  the  Andover  sewage  are  much  greater  than  those  for  the  Lawrence  sew- 
age. Taking  the  septic  sewages,  we  find  that  there  is  considerable  increase 
in  the  ammonifying  coefficients  over  those  of  the  sewage  entering  the  septic 
tanks,  in  both  Septic  Tanks  A  and  D-1,  in  which  the  sewage  at  this  time 
was  receiving  from  twenty  to  twenty-four  hours'  storage.  With  the  septic 
sewages  D-1,  D-2,  D-3,  D-4  and  D-5,  which  were  receiving  respectively 
one,  two,  three,  four  and  five  days'  storage,  an  interesting  fact  is  noticed, 
in  that  the  ammonifying,  denitrifying  and  nitrogen-liberating  coefficients 
were  steadily  reduced  with  increased  storage.  Comparing  the  effluents  of 
contact  Filters  Nos.  103,  175  and  176,  with  the  effluents  of  intermittent- 
continuous  Filters  Nos.  135,  136  and  189,  the  variation  in  free  ammonia  as 
determined  by  chemical  analysis  agrees  fairly  well  with  the  variation  in  the 
ammonifying  coefficients.  In  these  two  types  of  filters  the  nitrate-reducing 
and  nitrogen-liberating  coefficients  of  the  contact  filters,  in  which  the 
action  is  more  or  less  anaerobic,  are  many  times  higher  than  those  of 
the  intermittent-continuous  filters,  in  which  the  action  is  almost  entirely 
aerobic. 

Inspecting  the  biochemical  and  chemical  analyses  of  samples  from  the 
out-of-door  Filters  Nos.  1  to  10  inclusive,  collected  during  the  winter 
months,  we  find  in  nearly  every  case  high  ammonifying  coefficients  ac- 
companied by  high  free  ammonia,  as  determined  by  chemical  analysis,  and 
high  denitrifying  coefficients  correlated  with  considerable  free  ammonia 
and  nitrites  and  low  nitrates. 

Comparing  the  results  obtained  from  these  winter  samples  with  the  re- 
sults obtained  from  samples  examined  during  the  latter  part  of  June  and 
tbe  early  part  of  July,  when  the  filters  had  recovered  from  the  cold  weather 
and  were  doing  first-class  work,  we  find  that  the  effluents  from  Filters  Nos. 
1,  2,  5B,  6  and  9A,  which  showed  some  ammonifying  power  when  examined 
in  the  winter,  had  lost  this  power  when  nitrification  had  become  more  active 
within  them.  The  effluents  from  Filters  Nos.  1,  2,  5B,  6  and  9A,  all 
showed  considerable  power  to  reduce  nitrates  and  liberate  nitrogen  during 
the  cold  weather,  but  such  power  was  lacking  when  examined  again  in 
warm  weather.  The  effluents  from  Filters  Nos.  4  and  10,  which  continued 
to  nitrify  actively  during  the  winter,  did  not  show  any  ammonifying, 
denitrifying  or  nitrogen-liberating  powers,  either  winter  or  summer. 

These  results  are  further  evidence  that  during  exceptionally  cold  weather 
the  nitrifying  bacteria  are  more  or  less  inactive,  and  that  much  of  the 
change  going  on  in  a  filter  is  accomplished  by  bacteria  of  other  types 
which  are  apparently  capable  of  performing  their  work  at  low  temperatures. 
The  results  of  the  determinations  of  the  various  coefficients,  together  with 
a  portion  of  the  results  of  chemical  analyses  of  the  same  samples,  are 
shown  in  the  following  table :  — 
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ro&Ie  shotoing  BeauUa  of  Sioehtmical  Examinations  of  Sewaget  and  lAe  EffiuetUs 
from  Sewage  Fillers. 
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60 

Sewage  lor  SepHc  Tan 

kA, 

Feb.  29 

1,S00,000 

8.3 

I 

18 

6.62     5 

88 

S 

eo 

- 

Septic  sewage  A, 

FBb..M 

2,700.000 

2.8 

' 

SO 

5.14     8 

27 

-         * 

00 

Sewage  for  SepBc Tank  D, 

Har.  H 

4,160,000 

3.4 

0 

B5 

2.B5     1 

82 

-         4 

«o 

SepHc  sewage  D-l. 

Mar.  » 

4,160,000 

6.1 

1 

47 

i.ea    1 

74 

00 

- 

SepMc  sewage  D-s. 

Mar.M 

i,ooo,«o 

10.0 

0 

45 

1.48     1 

14 

6 

60 

Septic  sewage  D-S, 

Mar.M 

860,«)0 

H.8 

0 

6B 

1.85     0 

88 

6 

60 

- 

Septic  sewage  D-t, 

Mar.  M 

700,000 

1.4 

0 

60 
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60 

6 

80 

Seplle  sewage  D-6, 
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» 

M 
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SS 
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M 

Andover  sewage, 

Jone    D 

3,000,000 

7.0 

I 

61 

13.43     6 

08 

2.21     8 

80 

EOluent  of  Filler  No. 

(B,  . 

Mar.  M 

580,000 

7.0 

0 

20 

1.01     0 

31 

-         1 

56 

.01170     0 

61 

.. 

7S,. 

Mar.    i 

1,860,000 

0 

17 

21 

0 

S6 

.1000     4 

10 

.. 

78,. 

Mar.    1 

i,oio,ooo 

8.9 

" 

88 

1.76     I 

84 

-         8 

20 

.0X0    0 

00 

Emoenl  of  Filter  Ko. 

M,. 

Mar.  IB 

160.000 

40.0 

0 

11 

0.27     0 

16 

-         0 

46 

.0060     2 

88 

.. 

S8,  . 

Mar.  IB 

1    sao,ooo 

46.0 

0 

B7 

0.07     0 

M 

1 

20 

.0100     i 

09 

.. 

W,  . 

Uar.    8 

800,000 

7.6 

0 

11 

0.46     0 

27 

2 

81 

.0120     0 

91 

.. 

«!.. 

June    9 

l,BBO,0«0 

6.0 

0 

es 

4.88     2 

-B 

1.42      J 

00 
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05 

Effloenl  of  Filter  No 
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Feb.  » 

MO.OO0 
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0 

03 
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48 
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IB 
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77 

.. 

1,  ■ 

Jnly    1 

8,000 

7.0 

0 

00 

0.01    0 

00 

0.04      0 

04 

.0000     4 

BS 

.. 

!, - 

Feb.  M 

21.800 

2.2 

0 

00 

sa.4«    0 

08 

1 

76 

.0048     0 

07 

.. 

J,  ■ 

July    B 

20 

45.0 

0 

00 

0.00    0 

00 

0.00    0 

78 

.0104     4 

28 

.. 

<.  ■ 

Feb.  28 

13 

46.4 

0 

00 

0.00    n 

00 

0 

03 

.0008     1 

IB 

.. 
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Jnl7    1 

60 

S.O 

0 

oe 

0.00    ( 

00 

O.OO     0 

70 

.0004     6 

88 
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a.  ■ 

B,  . 

Feb.  26 
July    1 
Mar.  11 

SOO.0OO 
1.600 
82,600 

10.0 
8.5 

• 

07 

0.il      0 

0.00    0 

I 

2 

o.oi     0 

I 

.0001     7 

14 

'• 
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0 

00 
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00 
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02 
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Table  showing  ResuUs  of  Biochemieal  Examinations  of  Sewages  and  the  Effluents 

from  Sewage  FHUrs — Concluded. 


BACTBRIAL  AMD 

BlOCfHBMICAL   ARALT8I8. 

Chbhical  Analtbib 
(Fakts  pkb  100,000). 

1 

Per  Cent,  of  Bac- 
teria which  liquefy 
Gelatin. 

6 

i 

1 

Samplxs  pbom  — 

1904. 

Mar.  11, 

Bacteria  per  C 
Centimeter. 

Ammonifying 
efficient. 

Denitrifying  G< 
cient. 

Nitrogen-liben 
Coefficient. 

Liquefying    C 
cient. 

§ 
1 
1 

• 

Effluent  of  Filter  No.  9,  . 

100,000 

10.0 

0.01 

0.13 

0.06 

- 

2.00 

.0060 

2.22 

••             "               9,  . 

June  27, 

18 

100.0 

0.00 

0.00 

0.00 

- 

0.02 

.0000 

3.76 

"             •*              10,  . 

Mar.  11, 

6,800 

22.2 

0.00 

0.01 

0.01 

- 

4.60 

.0026 

8.67 

"              ••              10,  . 

July    1, 

75 

58.0 

0.00 

0.00 

0.00 

0.01 

0.03 

.0002 

6.86 

"             "            100,  . 

Mar.   1. 

80,000 

5.6 

0.07 

0.04 

0.02 

- 

0.96 

.0060 

0.77 

To  summarize  the  results  of  the  biochemieal  studies,  it  may  be  said  that 
the  amount  of  purification  wliicb  a  sewage  will  undergo  in  a  given  time 
depends  on  the  number  of  bacteria  at  work  and  on  the  power  of  the  indi- 
vidual bacteria  to  perform  that  work;  the  process  of  purification  being 
accomplished  by  the  bacteria  present  in  the  sewage,  working  jointly  with 
the  bacteria  which  have  found  lodgment  in  the  filtering  material.  The 
chemical  changes  which  may  take  place  in  the  sewage  in  the  process  of 
purification  may  be  divided  into  five  groups,  as  follows :  (1)  putrefaction, 
that  is,  the  breaking  down  of  the  complex  organic  matter  into  simpler 
forms ;  (2)  nitrification  and  oxidation,  that  is,  the  oxidation  of  nitrogenous 
matter  into  nitrites  and  nitrates,  and  of  carbonaceous  matter  into  carbon- 
ates and  carbonic  acid  gas ;  (3)  denitrification,  that  is,  the  breaking  down 
of  nitrites  and  nitrates  into  simpler  nitrogenous  compounds;  (4)  nitrogen 
liberation,  that  is,  the  formation  of  gaseous  nitrogen  either  by  direct  bac- 
terial action  or  by  secondary  reactions  between  the  reduction  products  of 
putrefaction  and  denitrification  ;  (5)  fixation  of  atmospheric  nitrogen,  that 
is,  the  fixation  of  molecular  nitrogen  from  the  air  in  the  form  of  ammonia. 

Of  these  reactions,  putrefaction  and  nitrification  are  to  be  encouraged. 
It  is  an  open  question  whether  denitrification  should  be  encouraged  or  not, 
depending  on  whether  the  liberation  of  nitrogen  incidental  during  this 
process  overbalances  the  effect  of  the  decrease  in  active  nitrification. 

Nitrogen  liberation  is  desirable  provided  it  can  be  made  to  take  place  in 
such  a  manner  as  to  leave  the  effluent  of  a  filter  in  a  stable  and  highly 
oxidized  condition,  while  the  fixation  of  atmospheric  nitrogen  in  a  sewage 
filter  is  to  be  avoided  if  possible.  These  processes  probably  all  go  on  to  a 
greater  or  less  extent  in  sewage  filters  of  the  various  types.  If  a  filter  is 
so  constructed  and  operated  that  oxidizing  processes  are  active  throughout 
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the  entire  depth,  the  redaction  of  nitrates  is  largely  prevented,  and  a  large 
proportion  of  the  nitrogen  in  the  applied  sewage  will  appear  in  the  effluent 
as  nitrates.  If,  however,  the  constraction  and  operation  of  the  filter  is 
snch  that  both  oxidizing  and  reducing  actions  occur,  or  the  redncing  action 
predominates,  mnch  nitrogen  will  be  liberated.  The  effluents  of  intermit- 
tent-continuous filters  in  good  operation  contain  much  of  the  nitrogen 
applied,  while  the  effluents  of  contact  filters  in  good  operation  show  a  large 
disappearance  of  nitrogen  ;  and  this  is  shown  not  only  by  computations  of 
the  amount  of  nitrogen  applied  and  appearing  in  the  effluent  of  such  filters 
as  determined  by  chemical  analyses,  but  also  by  the  results  of  the  bio- 
chemical examination  of  the  effluents  from  the  various  classes  of  filters. 

The  effluents  of  intermittent  sand  filters  in  good  operation  also  contain 
considerable  portions  of  the  applied  nitrogen.  During  the  cold  weather, 
however,  nitrification  may  become  inert  in  filters  of  this  type  ;  and,  while 
the  effluents  may  remain  of  good  appearance,  high  free  ammonia  and  low 
nitrates  will  prevail,  combined  with  a  considerable  loss  of  nitrogen. 

Loss  OP  Inorganic  Nitrogen  in  Contact  Filtration  and  Intermittent- 
continuous  Filtration  durino  1904. 

On  page  213  of  the  report  of  1902,  a  chapter  is  given  with  this  heading, 
and  in  connection  with  the  chapter  on  ^'  Storage,  Oxidation,  etc.,  of  Nitro- 
gen," given  in  this  report,  and  the  chapter  upon  ^'  Biochemistry  of  Sewage," 
the  following  table  is  of  interest.  This  table  shows  that  a  much  greater 
percentage  of  the  inorganic  nitrogen  in  the  sewage  applied  to  intermittent- 
continuous  filters  appears  oxidized  in  the  effluent  of  such  filters  than  appears 
in  the  effluent  of  contact  filters ;  in  other  words,  it  shows  that  contact  filtra- 
tion is  always  favorable  to  the  growth  of  nitrogen-liberating  bacteria,  and 
results  in  the  disappearance  of  a  considerable  per  cent,  of  the  nitrogen 
applied  to  the  filters. 


Contact  FilUrs, 

PiLTBB  NUMBSB. 

Per  Cent,  of 
Applied  Inor- 
ganic Nitrogen 

appearing  in 
Effluents. 

Per  Cent.     ' 
of  Inorganic  > 
Nitrogen 
Loit. 

1 

FiLTBB  NUMBIB. 

Per  Cent,  of 
Applied  Inor- 
ganic Nitrof^en 
appearing  in 
Effluents. 

Per  Gent. 

of  Inorganic 

Nitrogen 

Lost. 

103,         ..         . 
175, 

43 

68 
66 
45 

57 
82 
44 

55 

237,          ..         . 
251,          ... 

Average, 

85 
71 

15 
29 

176, 
221, 

61 

39 

IntermitterU-carUinuous  Fillers, 


135,         ..        • 

84 

16 

235,         ... 

80 

20 

136,         ..        • 

76 

24 

236,         ... 

87 

18 

283, 

84 
88 

16 
11 

247, 

Average, 

67 

33 

284,         ..        • 

81 

19 
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Determinations  of  Turbidity  and  Sediment. 

Since  the  establishment  of  the  station  all  records  of  the  amount  of 
matter  causing  turbidity,  or  depositing  as  sediment,  in  water,  sewage,  the 
effluents  of  sewage  filters,  etc/,  have  been  simply  word  descriptions ;  that 
is  to  say,  the  turbidity  or  sediment  has  been  called  "  very  slight,"  "  slight," 
"  decided,"  "  heavy,"  etc.  Various  methods  of  determining  turbidity  have 
been  formulated  in  the  past  few  years,  none  of  which,  however,  seemed 
entirely  applicable  to  the  station  work. 

The  U.  S.  Geological  Survey  has  adopted  for  use  in  its  work  the  silica 
or  diatomaceous  earth  standard  of  Hazen  and  Whipple.* 

This  standard  is  well  suited  for  field  work.  It  is  not  as  well  suited  for 
laboratory  work,  especially  in  sewage  purification  studies ;  and  one  of  its 
chief  defects,  as  with  other  standards,  is  in  the  failure  of  the  material 
used  to  match  in  color  and  other  physical  characteristics  the  material  caus- 
ing turbidity  and  sediment  in  the  effluents  of  sewage  filters.  To  obviate 
this  difficulty,  and  yet  obtain  a  clearer  idea  of  the  actual  and  relative 
amount  of  matter  in  suspension  or  appearing  as  sediment  in  the  effluents 
of  the  sewage  filters  of  various  types,  a  standard  has  been  used  at  the 
station  during  a  large  part  of  1904,  the  basis  of  which  is  the  actual  mate- 
rial passing  down  through  contact  or  intermittent-continuous  sewage  filters. 
This  material  is  taken  from  the  effluent  of  a  filter  in  good  operation,  that 
is,  in  a  state  of  active  nitrification.  As  collected  from  the  effluent  of  such 
a  filter,  this  material  is  fairly  constant  in  composition,  stable,  and  quite 
uniform  in  its  color  and  general  physical  characteristics.  When  dried,  its 
loss  upon  ignition  is  generally  not  more  than  80  per  cent,  of  its  total 
weight.  With  the  small  amounts  used  in  making  the  standards,  slight 
variations  in  the  exact  proportion  of  mineral  and  organic  matter  present 
have  little  influence  in  causing  any  appreciable  variation  in  uniformity  of 
the  standard.  Standards  made  from  this  matter  match  closely,  in  color 
and  appearance,  matter  in  suspension  in  the  effluents  of  most  sewage  filters 
and  in  many  pond  and  river  waters  in  the  New  England  States.  It  gives 
a  more  nearly  correct  idea  of  the  actual  amount  of  matter  in  suspension 
in  a  given  volume  of  filter  effluent  in  a  sample  bottle  than  can  be  deter- 
mined with  other  standards  in  use.     In  making  the  standard,  it  is  necessary 


*  As  stated  by  them,  "  this  standard  of  turbidity  ehall  be  such  that  a  water  which  contains  100 
parts  of  silica  per  million  in  such  a  state  of  fineness  that  a  bright  platinum  wire  1  millimeter  In 
diameter  can  jast  be  seen  when  the  centre  of  the  wire  Is  100  millimeters  below  the  surface  of  the 
water  and  the  eye  of  the  observer  is  1.2  meters  above  the  wire,  the  observation  belns  made  in  the 
middle  of  the  day  in  the  open  air,  but  not  in  sunlight,  and  In  a  vessel  so  large  that  the  sides  do 
not  shut  out  the  light  so  as  to  influence  the  resalts.  The  turbidity  of  such  a  water  shall  be  100. 
.  .  .  When  the  turbidity  is  below  7,  this  method  cannot  be  used,  and  comparisons  should  be  made 
with  the  silica  standard,  properly  diluted  in  bottles  or  tubes,  as  described  by  Whipple  and  Jackson 
in  Technology  Quarterly,  Vol.  XII.,  No.  4,  December,  1899."  (Division  of  Hydrography,  Circular 
No.  8.) 
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to  keep  in  a  moist  condition  the  material  collected  from  the  filters,  as  when 
dried  it  changes  its  character  somewhat,  does  not  become  again  so  well 
divided  into  small  particles  when  placed  in  water  in  the  standard  bottles, 
and  higher  standards  must  be  taken  to  match  turbidities  than  actual  deter- 
minations of  matter  present  in  effluents  under  examination  show  to  be 
correct.  To  make  up  the  standard,  the  amount  of  sediment  present  in  a 
given  volume  of  water,  thick  with  the  material,  is  determined,  and  a 
sufficient  volume  of  this  water  is  then  taken  to  give  the  weights  of  material 
necessary  per  liter  in  the  different  standards.  For  instance,  a  bottle  full 
of  the  wet  sediment  used  for  making  standards  at  the  Lawrence  Experiment 
Station  contained  .4255  gram  of  suspended  matter  in  100  cubic  centimeters 
of  water;  and  from  this  bottle,  to  make  the  standard  10.0,  enough  of  this 
liquid  was  taken  to  give  0.1  gram  of  suspended  matter  per  liter  in  this 
standard,  other  standards  being  made  by  taking  proportional  volumes. 
The  weights  and  standaixls  are  as  follows :  — 


Weight  of 

Material  (Orams 

per  Liter). 

Standard  of 

Turbidity  (Parte 

per  100,000). 

Weight  of 

Material  rOrami 

per  Liter). 

Standard  of 

Turbidity  (Parte 

per  100,000). 

Weight  of 

Material  (Grams 

per  Liter). 

Standard  of 

Turbidity  (Parts 

per  100,000). 

.001 
.005 
.01 

0.1 
0.5 
1.0 

.04 
.07 

4.0 
7.0 

.10 
.15 

10.0 
15.0 

To  the  set  of  standards,  two  or  three  cubic  centimeters  of  a  5  per  cent, 
solution  of  formaldehyde  are  added,  to  prevent  change  by  bacterial  action. 
The  standards  should  be  renewed  every  two  or  three  months,  as  the  matter 
after  a  certain  period  has  a  tendency  to  gather  in  larger  aggregations  of 
particles  than  when  the  standards  are  first  made  up. 

The  most  convenient  method  of  using  the  standards  is  to  have  a  set 
made  up  in  bottles  of  the  same  capacity  as  those  in  which  samples  are 
collected,  in  order  that  a  direct  comparison  may  be  made.  In  the  Law- 
rence work,  gallon  bottles  are  used. 

In  tables  on  subsequent  pages,  showing  the  average  analyses  of  the 
efiluents  of  the  various  sewage  filters,  the  results  obtained  by  the  use  of 
this  standard  are  given.  These  results  are  of  great  value,  in  that  they  aid 
in  giving  a  clearer  idea  of  the  appearance  of  these  efifliients  than  otherwise 
can  be  obtained  from  tables  of  analyses.  Studying  the  tables  as  given  in 
a  subsequent  portion  of  this  report,  it  will  be  seen  that  from  the  beginning 
of  July,  when  the  standard  began  to  be  used,  the  highest  average  turbidity 
of  the  eflluent  of  Filter  No.  1  for  any  mouth  was  0.8.  That  is  to  say,  this 
efiiuent  even  in  that  month  contained  on  an  average  only  about  .008  of  a 
gram  of  matter  in  suspension  in  one  liter  of  water.     The  effluent  of  Filter 
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No.  2  was  free  from  turbidity  for  three  months  oat  of  the  six  daring  which 
this  standard  was  ased ;  and  daring  the  three  months  when  tarbidity  read- 
ings were  obtained,  the  amoant  of  matter  in  saspension  averaged  only  .001 
of  a  gram  per  liter.  Throughout  six  months  the  effluent  of  Filter  No.  4 
did  not  contain  an  amount  of  matter  in  suspension  that  could  be  detected 
when  compared  with  the  lowest  standard  in  use.  The  highest  average 
turbidity  for  Filter  No.  5B  was  2.8,  indicating  the  presence  of  .028  of  a 
gram  of  matter  in  suspension  in  one  liter  of  effluent.  The  effluent  of 
Filter  No.  6  approximated  in  quality  in  this  respect  the  effluents  of  Filters 
Nos.  2  and  4,  as  did  also  the  effluents  of  Filters  Nos.  9A  and  10. 

The  great  dilSPerence  in  the  quality  of  the  effluents  of  sand  intermittent- 
continuous,  and  contact  filters,  in  regard  to  matters  in  suspension,  is  clearly 
shown  by  this  standard.  Turbidities  six  to  fifteen  times  as  great  as  the 
turbidities  of  Filters  Nos.  2,  4,  6  and  9  are  shown  by  examination  of  the 
tables  giving  analyses  of  the  effluents  of  intermittent-continuous  Filters 
Nos.  135  and  136,  and  the  effluents  of  contact  Filters  Nos.  175  and  176, 
these  four  filters  being  the  best  four  filters  of  these  two  classes  in  opera- 
tion at  the  station, 

iThe  standard  is  of  great  value  also  in  determining  the  rapidity  with 
which  the  matter  in  suspension  in  the  effluents  of  sewage  filters  settles ; 
that  is  to  say,  the  readings  of  turbidity  and  sediment  made  at  different 
periods  after  the  time  of  collecting  the  sample  indicate  clearly  the  percent- 
age of  the  amount  of  matter  primarily  in  suspension  appearing  at  each 
reading  as  suspended  matter  and  as  sediment. 

Comparisons  have  been  made  of  the  results  obtained  by  this  standard 
with  the  results  of  word  descriptions  formerly  used,  and  result  as  fol- 
lows :  — 

Of  70  turbidity  determinations  described  as  '^  great,"  85  per  cent,  of  the 
numerical  readings  were  5.0  parts  or  over;  of  62  described  as  "  decided," 
71  per  cent,  were  included  between  numerical  readings  of  2.0  and  5.0,  3 
per  cent,  were  over  5.0  parts  and  26  per  cent,  were  under  2.0  parts.  Of 
36  determinations  described  as  "  slight,"  92  per  cent,  of  the  numerical 
readings  were  included  between  0.2  and  2.0 ;  8  per  cent,  were  under  0.2 
parts.  Of  44  sediment  determinations  described  as  "  great,"  98  per 
cent,  of  the  numerical  readings  were  5.0  or  over.  Of  50  determinations 
described  as  "decided,"  72  per  cent,  were  included  between  numerical 
readings  of  2.0  and  5.0  parts;  18  per  cent,  were  over  5.0  parts  and  10 
per  cent,  under  2.0  parts.  Of  44  determinations  described  as  "  slight," 
84  per  cent,  of  the  numerical  readings  were  included  between  0.2  and  2.0 
parts;  14  per  cent,  were  over  2.0  parfs  and  2  per  cent,  were  under  0.2 
part. 
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EXPSRIICENTS  DETERMINIKG  THE  AMOUNT  OF  TiMK  TAKEN  BT  SeWAGE  TO  PASS 
THROUGH  InTEBMITTENT-CONTINUOUS  FILTERS  OF  COABSE  MATERIALS 
OPERATED   AT   HiGH   RATES. 

Daring  the  year  a  study  has  been  made  with  each  one  of  the  intermittent- 
continuoas  filters,  to  show  the  time  taken  for  the  passage  of  sewage  through 
these  filters ;  this  being  done  in  order  to  gain  information  in  regard  to  the 
rapidity  of  nitrification  within  such  filters.  The  experiments  were  made  in 
the  manner  followed  at  the  experiment  station  in  previous  years  with 
filters  of  different  classes ;  that  is  to  say,  sewage  containing  a  known 
amount  of  salt  has  been  applied  to  the  filter,  and  careful  determinations 
made  of  the  chlorine  in  the  efiluent  of  the  filter  before,  during  and  after 
the  period  of  application  of  this  salt  sewage. 

With  Filter  No.  135,  containing  12  feet  in  depth  of  broken  stone,  and 
operated  at  the  time  of  the  experiment  at  the  rate  of  1,500,000  gallons 
per  acre  daily,  it  was  about  one  hour  after  the  application  of  salt  sewage 
before  any  of  it  appeared  in  the  efiOiuent.  From  this  time  the  chlorine  in- 
creased rapidly,  until  at  the  end  of  three  hours  the  efiiuent  contained  92  per 
cent,  as  much  chlorine  as  in  the  applied  sewage  ;  the  highest  amount  found. 
With  Filter  No.  136,  constructed  of  the  same  kind  and  size  of  filtering 
material,  but  operating  at  a  rate  70  per  cent,  greater  than  Filter  No.  135, 
the  maximum  amount  of  chlorine  present  in  the  efiluent  was  reached  within 
two  hours  after  the  application  of  salt  sewage. 

Further  experiments  of  the  same  kind  were  made  with  Filters  Nos.  247 
and  248,  constructed  of  broken  stone,  and  Filters  Nos.  233,  234,  235 
and  236,  constructed  of  clinker.  Filter  No.  247  contains  5  feet  in  depth 
of  broken  stone,  and  at  the  time  the  experiment  was  made  the  rate  of 
operation  was  1,000,000  gallons  per  acre  daily.  An  increase  in  the 
amount  of  chlorine  in  the  efi9uent  of  this  filter  was  appreciable  at  the  end 
of  fifteen  minutes,  and  it  increased  steadily  for  about  two  hours,  when  the 
amount  became  constant,  the  highest  amount  found  in  the  efiiuent  being 
90  per  cent,  of  the  amount  applied.  With  Filter  No.  248,  containing  8 
feet  in  depth  of  broken  stone,  the  amount  of  chlorine  present  in  the  efilu- 
ent  increased  appreciably  at  the  end  of  half  an  hour,  and  after  about  two 
hours  became  constant,  the  maximum  amount  found  in  the  efiSuent  being 
about  81  per  cent,  of  the  amount  in  the  sewage  applied.  Filters  Nos.  233, 
234,  235  and  236  are  constructed  of  clinker,  Nos.  233  and  235  being 
constructed  of  coarse  clinker,  and  Nos.  234  and  236  of  a  finer  grade  of 
clinker.  The  rate  of  operation  of  each  of  these  filters  was,  at  the  time  of 
experiment,  1,000,000  gallons  per  acre  daily.  With  Filter  No.  233,  con- 
taining 5  feet  and  9  inches  in  depth  of  coarse  clinker,  the  chlorine  in  the 
efiSuent  increased  appreciably  in  from  fifteen  to  twenty  minutes,  and  from 
that  time  steadily,  until  at  the  end  of  six  hours  it  was  fairly  constant. 
Filter  No.  234,  of  the  same  grade  of  material,  and  only  3  feet  10  inches 
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in  depth,  showed  an  increase  of  chlorine  in  its  efflaent  in  fifteen  minutes 
or  less ;  and  the  amount  became  constant  one  hour  from  the  beginning  of 
the  application  of  the  salt  sewage.  In  Filter  No.  283  the  highest  chlorine 
found  in  the  effluent  was  80  per  cent,  of  that  in  the  applied  sewage ;  and 
in  Filter  No.  234,  86  per  cent,  of  that  in  the  applied  sewage.  The  deeper 
filter  of  fine  clinker  did  not  show  an  increase  of  chlorine  in  the  effluent 
until  about  one  and  one-half  hours  from  the  beginning  of  application  of 
salt  sewage,  and  the  amount  found  slowly  increased  for  fourteen  hours 
before  it  became  constant.  With  the  shallower  filter  of  fine  clinker,  the 
increase  in  chlorine  could  be  noted  at  the  end  of  one  and  one-half  hours ; 
it  gradually  increased  for  six  hours  before  becoming  constant.  The 
maximum  chlorine  in  the  effluent  of  Filter  No.  235  was  72  per  cent,  of 
the  chlorine  in  the  salt  sewage ;  and  in  the  effluent  of  Filter  No.  236, 
79  per  cent.  It  was  noticeable  that  in  none  of  the  experiments  did  the 
chlorine  in  the  effluent  become  equal  to  the  chlorine  in  the  applied  salt 
sewage,  although  this  salt  sewage  was  applied  for  many  hours  ;  this  being 
due  to  the  fact  that  a  certain  volume  of  sewage  previously  applied  is  held 
even  in  these  filters  of  coarse  material,  and  this,  being  slowly  given  up 
and  mingling  with  the  salt  sewage  applied,  reduces  its  chlorine  content. 
It  is  also  noticeable,  from  the  greater  length  of  time  taken  for  the  chlorine 
in  the  effluent  of  the  clinker  filters  to  reach  a  constant  amount,  that  these 
filters  hold  a  much  greater  percentage  of  sewage  in  their  pores  than  the 
filters  of  broken  stone ;  this  being  due  to  the  porosity  and  uneveness  of 
the  material,  and  has,  of  course,  a  beneficial  effect  upon  the  purification 
effected  by  the  filters.  The  following  table  shows  the  effect  of  depth, 
material  in  and  time  of  passage  of  the  sewage  through  these  filters  upon  the 
nitrification  occurring  within  them :  — 


FiLTBS  NUMBSB. 


Depth. 


Material. 


Average  Rate, 

1904  (OaUons 

per  Acre  Dally). 


Time  of 

Paaaage  of 

Be  wage 

(Hours). 


NitrateB 

(Partaper 

100,000). 


136, 
186, 
247, 
248, 
283, 
234, 
286, 
236, 


Ft. 
12 
12 
6 
8 
5 
3 
6 
3 


In. 

0 

0 

0 

0 

9 
10 

9 
10 


Broken  stone,  . 
Broken  stone,  . 
Broken  stone,  . 
Broken  stone,  . 
Coarse  clinker. 
Coarse  clinker, 
Fine  clinker,  . 
Fine  clinker,    . 


1,150,000 
1,938,000 
926,500 
963,400 
885,000 
949,000 
896,600 
908,900 


3 
2 
2 
2 
6 
1 
14 
6 


2.96 
2.06 
0.62 
2.12 
1.24 
0.78 
2.20 
0.60 


Operation  of  Septic  Tanks. 
During  the  year  five  septic  tanks  have  been  in  operation  at  the  station. 

Septic  Tank  A. 

Septic  Tank  A,  first  put  into  operation  during  the  latter  part  of  1897, 
had  been  in  operation  a  little  more  than  seven  .years  at  the  end  of  1904. 
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This  is  a  wooden  tank,  having  a  capacity  of  225  gallons,  and  is  divided  into 
three  compartments.  During  the  year  99,000  gallons  of  sewage  were  passed 
through  the  tank,  or  an  average  volume  of  270  gallons  per  day.  The  aver- 
age time  of  passage  of  sewage  through  the  tank  has  varied  considerably 
during  the  year.  Throughout  January,  February  and  March,  the  theoreti- 
cal time  of  passage  was  twenty-four  hours ;  during  April,  May,  June, 
July  and  August,  twelve  hours ;  and  during  September,  October,  November 
and  December,  thirty-six  hours.  Owing,  however,  to  sludge  and  scum  accu- 
mulations within  the  tank,  the  actual  period  of  passage  was  much  less  than 
this.  On  the  first  of  April  the  accumulation  of  sludge  and  scum  within  the 
tank  was  so  great  that  the  tank  was  emptied.  This  was  after  seven  years 
of  operation.  At  this  time  33  per  cent,  of  the  capacity  of  the  first  com- 
partment was  filled  with  scum,  and  48  per  cent,  with  sludge.  The  second 
compartment  was  free  from  scum,  but  67  per  cent,  of  its  capacity  was  filled 
with  sludge.  The  third  compartment  was  also  free  from  scum,  but  42  per 
cent,  of  its  capacity  was  filled  with  sludge.  After  emptying,  the  tank  was 
put  into  operation  again,  and  on  September  13,  sludge  had  again  accu- 
mulated in  the  tank  to  the  extent  of  22  per  cent,  of  the  capacity  of  the  first 
compartment,  17  per  cent,  of  the  capacity  of  the  second  compartment  and 
28  per  cent,  of  the  capacity  of  the  third  compartment.  This  was  the  last 
measurement  made  during  the  year.  The  average  analyses  of  the  sewage 
applied  to,  and  the  efiJuent  from,  this  tank  follow.  These  analyses  show 
that  for  the  entire  year  27  per  cent,  of  the  total  organic  nitrogen  entering 
the  tank  did  not  appear  in  its  efi^uent.  Divided  into  periods  the  removal 
of  organic  matter  was  as  follows  :  during  the  first  period,  28.7  per  cent. ; 
during  the  second  period,  19.6  per  cent. ;  and  during  the  third  period,  33.9 
per  cent. 

Sewage  applied  to  Septic  Tank  A, 

[Parts  per  100,000.] 


Tmnpentare 
(Degrees  F.). 

Free 
Ammonia. 

lUSLDAHL  NiTKO- 
OBN. 

Chlorine. 

Oxygen 
Consumed. 

Bacteria 
per  Cubic 

190«« 

Total. 

In 
Solution. 

Cen- 
timeter. 

Janaary-Marcb,  . 
A  prll- Aiigrnst, 
September-December, . 

51 

68 
58 

4.76 
4.28 
4.24 

1.67 
1.88 
1.62 

.95 
.61 
.72 

9.78 
18.00 
12.40 

6.87 
4.76 
4.99 

2,939,000 
1,857,000 
2,888,000 

Septic  Sewage^  Tank  A, 


January-Marcb,    . 

52 

4.60 

1.19 

.60 

9.98 

8.81 

1,264,000 

April- August, 

66 

4.51 

1.11 

.66 

15.82 

8.77 

b77.000 

September-December, . 

60 

4.79 

1.07 

.62 

12.66 

4.07 

1,627,000 
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Septic  Tanks  G  and  H. 

In  connection  with  the  operation  of  Septic  Tank  A,  two  similar  tanks 
were  also  operated  daring  the  year,  to  stady  farther  the  difference  in  re- 
moval of  organic  matter  from  sewage  by  different  periods  of  passage  of 
sewage  through  septic  tanks.  The  time  of  passage  throagh  Septic  Tank 
A  has  been  given  in  a  previous  paragraph.  Through  Septic  Tank  Gr, 
operated  from  the  beginning  of  May  throughout  the  year,  the  sewage  was 
only  six  hours  in  passing ;  and  through  Septic  Tank  H,  of  the  same  capac- 
ity and  operated  throughout  the  same  period,  the  sewage  was  eighteen 
hours  in  passing.  Tables  showing  the  average  analyses  of  the  sewage 
entering  and  of  the  effluent  from  these  tanks  follow ;  and  it  will  be  noted 
that,  as  would  be  expected,  considerably  better  work  was  done  by  the  tank 
through  which  the  sewage  was  the  longest  time  in  passing.  The  effluent  of 
Septic  Tank  G  contained  64.6  per  cent,  of  the  total  nitrogen  in  the  enter- 
ing sewage,  and  the  effluent  of  Septic  Tank  H  55.4  per  cent,  of  the  total 
nitrogen  in  the  entering  sewage.  The  removal  of  organic  matter,  as  shown 
by  oxygen  consumed  determinations,  was  as  follows :  in  Tank  G,  20.8  per 
cent. ;  and  in  Tank  H,  30.9  per  cent. 

Sewage  applied  to  Septic  Tank  G. 

[Parte  per  100,000.] 


1904. 

Temperature 
(Degrees  F.). 

Free 
Ammonia. 

1 

IObldahl  Nitbo- 

OKN. 

Chlorine. 

Oxygen 
Consumed. 

Bacteria 
per  Cubic 

Total. 

In 
Solution. 

Con-  . 
tlmeter. 

Jane-Dec.,  inclusive,   . 

63 

3.94 

1.61 

.81 

12.63 

6.01 

1,845,000 

Septic  Sewage,  Tank  G, 


June-Dec,  incluelve,  . 


61 


3.85 

1.04 

.57 

12.59 

8.97 

1,073,000 


Sewage  applied  to  Septic  Tank  H. 


June-Dec.,  inclusive,  . 


64 


3.73 


1.57 


.58 


13.66 


4.89 


14,960,000 


Septic  Sewage^  Tank  H. 


June-Dec,  inclusive,   . 


62 


4.05 


0.8- 


.45 


12.69 


3.38 


1,396,000 
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Septic  Tank  F. 

This  septic  tank  was  in  operation  throaghout  the  year,  and  to  It  was 
applied  the  heavy  sladge  resalting  from  allowing  sewage  to  stand  for  sedi- 
mentation to  take  place.  This  sewage  sludge  was  so  applied  that  it  was  five 
days  in  passing  through  this  tank.  The  average  analyses  of  the  applied 
sludge  or  sewage  and  the  efifluent  of  this  tank  follow,  and  show  that  68  per 
cent,  of  the  nitrogenous  organic  matter  entering  the  tank  did  not  appear  in 

its  effluent. 

Sewage  applied  to  Septic  Tank  F. 


fl  £^^KJ- 

■ 

Tempenture 

(Degrees  F.). 

Free 
Ammonia. 

Kjbloahl  Nitbo- 
esN. 

Chlorine. 

Oxygen 
Consumed. 

Bacteria 
per  Cubic 

lIHMa 

TotaL 

In 
Solution. 

Cen- 
timeter. 

Febrnary, 

51 

5.98 

3.65 

1.78 

17.07 

6.96 

8,116,000 

March,   . 

47 

5.80 

2.21 

0.96 

8.09 

6.70 

8,000,000 

April,     . 

62 

6.50 

2.24 

0.91 

11.99 

6.80 

2,450,000 

May.       . 

es 

4.96 

1.71 

0.66 

18.02 

6.42 

2,830,000 

June, 

65 

6.50 

2.81 

0.94 

22.27 

6.69 

2,985,000 

July,      . 

78 

4.70 

0.90 

0.47 

21.00 

5.40 

550,000 

AagruBt, . 

72 

6.73 

2.56 

0.47 

16.86 

6.33 

1,383,000 

September,    . 

68 

5.20 

1.90 

0.58 

22.80 

5.28 

1,100,000 

October, 

- 

6.80 

8.81 

0.67 

9.25 

7.40 

1,270,000 

November, 

55 

6.65 

2.49 

1.07 

11.85 

6.59 

8,526,000 

December, 

50 

7.60 

4.04 

1.69 

10.04 

5.84 

6,190,000 

Average, 

60 

6.04 

2.57 

0.98 

16.34 

6.30 

2,671,000 

Septic  Sewage,  Tank  F, 

[Parts  per  100,000.] 


February, 

58 

5.56 

0.89 

0.55 

9.96 

3.03 

892,000 

March,   . 

67 

6.40 

0.80 

0.55 

7.99 

2.75 

2,100,000 

April,     . 

59 

7.05 

1.27 

0.79 

11.64 

3.90 

375,000 

May, 

64 

6.47 

0.81 

0.44 

14.14 

8.61 

673,000 

June, 

64 

6.50 

0.70 

0.30 

18.76 

2.96 

300,000 

July,      .       . 

77 

6.30 

0.61 

0.30 

16.88 

2.76 

160,000 

Augiut, . 

72 

6.97 

0.87 

0.41 

17.19 

3.-23 

290,000 

September,    . 

68 

6.60 

0.70 

0.31 

21.26 

2.84 

220,000 

October, 

- 

6.80 

0.88 

0.33 

9.35 

2.16 

640,000 

November, 

69 

6.65   • 

0.73 

0.31 

12.88 

3.22 

770,000 

December, 

• 

66 

7.60 

0.94 

0.41 

10.06 

4.04 

1,160,000 

Average, 

63 

6.40 

0.83 

0.43 

13.65 

3.14 

688,000 
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Septic  Tank  D. 

This  tank,  first  pot  into  operation  during  1903,  was  continued  during 
the  first  four  months  of  1904.  The  tank  had  a  capacity  of  300  gallons, 
and  was  divided  into  five  compartments.  It  was  operated  at  such  a  rate 
that,  theoretically,  the  sewage  was  twenty-four  hours  in  passing  through 
each  compartment,  or  five  days  in  passing  through  the  tank.  A  following 
table  presents  the  average  analysis  of  the  entering  sewage  and  effluent  of 
each  compartment.  The  results  show  a  steady  decrease  of  organic  matter 
in  the  effluent  of  each  compartment,  the  percentage  removal  being  as  fol- 
lows :  after  passing  Compartment  No.  1,  1.3  per  cent. ;  Compartment  No. 
2,  33.1  per  cent. ;  Compartment  No.  3,  37  per  cent. ;  Compartment  No.  4, 
47.4  per  cent. ;  and  Compartment  No.  5,  53.2  per  cent. 

Sewage  for  Septic  Tank  D, 

[Parts  per  100,000.] 


1904. 

Temperature 
(Degree!  F.). 

Free 
Ammonia. 

Kjsldahl  Nitko- 

OBN. 

1 

Chlorine. 

Oxygen 
Consumed. 

Bacteria 
per  Cubic 

Total. 

Tn 
Solution. 

Cen- 
timeter. 

Jan.-Aprll,  incluBive,  . 

48 

4.66 

1.64 

.82 

11.04 

5.18 

2,021,000 

Effluent  from  Compartment  No.  i,  Tank  D. 


Jan.-April,  incluBlye,  . 


46 


5.98 


l.OS 


.71 


13.98 


8.74 


1,875,000 


Effluent  from  Compartment  No.  2,  Tank  D. 


Jan.-Marcli,  Inclusive, 


46 


5.48 


1.08 


.60 


12.98 


3.45 


697,000 


Effluent  from  Compartment  No.  5,  Tank  I). 


Jan.-April,  incluslye,  . 


46 


5.68 


0.97 


.61 


11.76 


8.05 


906,000 


Effluent  from  Compartment  No.  4,  Tank  D. 


Jan.'Marcb,  inclusive, 


46 


5.83 


0.81 


.49 


10.66 


8.01 


788,000 


Effluent  from  Compartment  No,  5,  Tank  D. 


Jan.-April,  inclusive, 


46 


5.80 


0.72 


.51 


10.56 


2.79 


676,000 
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Large  Sand  Filtrrs  in  Operation  at  the  Station.  —  Filters  Nos.  1 

TO  10,  Inclusive. 
For  discussion  of  experiments  in  regard  to  oxidation  in  these  filters,  and 
removal  of  organic  matter  from  sewage  by  these  filters,  see  pages  201-216, 
inclusive. 

FiUer  No.  1 . 

Filter  No.  1  is  constructed  of  60  inches  in  depth  of  coarse  sand  of  an 
effective  size  of  0.48  millimeter,  and  is  -^^  of  an  acre  in  area.  On  March 
24  the  surface  of  the  tank  was  ridged  and  trenched.  On  August  28  the 
surface  was  again  disturbed,  the  sand  levelled,  and  ridges  and  trenches 
again  made.  The  surface  sand  in  the  trenches  of  the  filter  was  raked  1 
inch  deep  three  times  in  January,  twice  in  February,  twice  in  December 
and  once  a  week  during  the  remainder  of  the  year.  On  December  24,  the 
trenches  were  covered  with  boards.  During  January,  34  inches  of  snow 
and  9 J  inches  of  ice  were  removed  from  the  filter;  during  February,  17 
inches  of  snow  and  8  inches  of  ice  ;  during  March,  4  inches  of  snow ;  dur- 
ing April,  1^  inches  of  snow;  during  November,  1^  inches  of  snow;  and 
during  December,  6  inches  of  snow  and  l\  inches  of  ice. 

FiUer  No.  2. 

Filter  No.  2  is  ^^  of  an  acre  in  area,  and  is  constructed  of  60  inches  in 
depth  of  fine  sand  of  an  effective  size  of  0.08  millimeter,  with  circular 
trenches  1  foot  wide  and  2  feet  deep  of  medium  sand  of  an  effective  size 
of  0.19  millimeter,  the  surface  of  these  trenches  being  below  the  surface 
of  the  remainder  of  the  filter  and  to  them  the  sewage  is  applied.  The 
surface  of  the  trenches  was  raked  once  each  week  during  February,  twice 
during  March,  three  times  during  December,  and  once  a  week  during  the 
remainder  of  the  year.  On  January  13,  1  inch  of  surface  sand  from  the 
inner  trench  and  ^  inch  from  the  outer  trench  was  removed  and  piled  on 
the  ridges.  On  January  15,  enough  sand  was  removed  from  the  trenches 
to  increase  their  depth  two  inches,  and  the  removed  sand  piled  on  ridges. 
On  March  9  the  upper  six  inches  of  surface  sand  of  the  trenches  was  dug 
over.  Upon  April  21  new  trenches  were  constructed  between  the  old 
trenches,  the  sand  excavated  being  piled  over  the  old  trenches,  and  the 
new  trenches  were  filled  with  sand  of  an  effective  size  of  0.41  millimeter. 
During  January,  3l|  inches  of  snow  and  14|  inches  of  ice  were  removed; 
during  February,  11|  inches  of  snow  and  13|  inches  of  ice  ;  during  March, 
4  inches  of  snow  and  |  inch  of  ice  ;  during  April,  2  inches  of  snow  ;  during 
November,  H  inches  of  snow  ;  and  during  December,  8|  inches  of  snow 
and  ^  inch  of  ice. 


256  STATE   BOARD   OF   HEALTH.         [Pub.  Doc. 


Filter  No.  4. 

Filter  No.  4  is  ^^  of  an  acre  in  area,  and  is  coDBtructed  of  60  inches 
in  depth  of  fine  river  silt  of  an  effective  size  of  0.04  millimeter,  with  two 
circular  trenches  about  14  inches  wide  and  12  inches  deep,  of  coarse  sand 
of  an  effective  size  of  0.48  millimeter.  The  surface  of  these  trenches  is 
below  the  remainder  of  the  filter,  and  to  them  the  sewage  is  applied.  The 
trenches  were  raked  2  inches  deep  January  26,  1  inch  deep  daring  Feb- 
ruary, twice  daring  March,  once  during  December  and  once  a  week  during 
the  remainder  of  the  year.  On  August  28  the  trenches  were  dug  over  6 
inches  deep.  On  August  29,  new  trenches  were  made  between  the  old 
trenches,  one  trench  18  inches  wide  and  1  foot  deep ;  and  in  the  centre  of 
the  filter  a  cylindrical  body  of  sand  48  inches  in  diameter  and  1  foot  deep 
was  placed.  The  fine  sand  removed  from  the  excavation  was  piled  over 
the  old  trenches,  and  the  new  trenches,  filled  with  sand  of  an  effective  size 
of  0.41  millimeter.  During  January,  31  inches  of  snow  and  13J  inches  of 
ice  were  removed  from  the  filter ;  during  February,  5  inches  of  snow  and 
19^  Inches  of  ice ;  during  March,  1  inch  of  snow  and  1^  inches  of  ice ; 
during  April,  2  inches  of  snow ;  during  November,  1  inch  of  snow ;  and 
during  December,  5|  inches  of  snow  and  1^  inches  of  ice. 

Filter  No.  5B. 

This  filter  is  ^^  of  an  acre  in  area,  and  is  constructed  of  60  inches  in 
depth  of  a  mixture  of  cinders  and  ashes  from  the  combustion  of  soft  coal. 
It  was  first  put  into  operation  March  5,  1898.  On  November  21,  the  sur- 
face of  this  filter  was  trenched  and  ridged.  The  surface  of  the  filter  was 
raked  once  during  January,  once  during  February,  once  during  December 
and  once  each  week  during  the  remainder  of  the  year.  During  January, 
29 J  inches  of  snow  and  5 J  inches  of  ice  were  removed  from  the  filter  ;  dur- 
ing Februaiy,  12 J  inches  of  snow  and  9|  inches  of  ice  ;  during  March,  6 J 
inches  of  snow ;  during  April,  1^  inches  of  snow ;  during  November,  IJ 
inches  of  snow ;  and  daring  December,  8^  inches  of  snow. 

FUter  No.  6. 

This  filter  is  -^  of  an  acre  in  area,  and  is  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter.  On  March  81, 
the  surface  of  the  filter  was  levelled  and  the  upper  six  inches  of  sand  were 
dug  over.  On  May  4,  the  surface  sand  was  again  dug  over.  On  June 
5,  the  filter  was  trenched  and  ridged.  The  surface  of  the  filter  was  raked 
twice  in  January,  twice  in  February,  not  at  all  during  December  and  once 
each  week  during  the  rest  of  the  year.  During  the  period  after  June  5, 
sand  in  the  trenches  only  was  raked.  During  January,  34  inches  of  snow 
and  5^  inches  of  ice  were  removed  ;  during  February,  14  inches  of  snow 
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and  5  inches  of  ice ;  during  March,  4^  inches  of  snow ;  daring  April,  1^ 
inches  of  snow;  during  November,  1}  inches  of  snow,  and  during  Decem- 
ber, 6  inches  of  snow  and  2|  inches  of  ice  were  removed. 

FUter  No.  9  A. 

This  filter  is  ^^  of  an  acre  in  area,  and  is  constructed  of  5  feet  in  depth 
of  sand  of  an  effective  size  of  0.17  millimeter.  Upon  March  80,  the  sur- 
face of  the  filter  was  levelled,  the  sand  dug  over  6  inches  deep  and  the 
surface  trenched  and  ridged.  Upon  May  4,  the  surface  was  again  levelled 
and  the  sand  loosened  to  a  depth  of  6  inches.  On  June  5,  the  surface  of 
the  filter  was  again  trenched  and  ridged.  The  surface  of  the  filter  was 
raked  1  inch  deep  three  times  in  January,  three  times  in  February,  once 
during  December  and  once  a  week  during  the  rest  of  the  year ;  that  is  to 
say,  during  a  portion  of  the  year  when  the  surface  was  trenched,  the  sand 
in  the  trenches  only  was  raked.  During  January,  37^  inches  of  snow  and 
4^  inches  of  ice  were  removed  from  the  filter ;  during  February,  85  inches 
of  snow  and  7|  inches  of  ice ;  during  March,  3  inches  of  snow ;  during 
April,  1  inch  of  snow;  during  November,  1^  inches  of  snow;  and  during 
December,  5}  inches  of  snow  and  i  inch  of  ice. 

Ftlter  No.  10. 

This  filter  is  ^hf  <>^  ^^  ^^^^  ii^  Rree^^  and  is  constructed  of  5  feet  in 
depth  of  mixed  fine  and  coarse  sand  of  an  effective  size  of  0.35  millimeter. 
No  underdrains  are  beneath  the  sand,  except  directly  above  and  around  the 
outlet  pipe.  A  partition  extending  3  feet  below  the  surface  separates 
the  quarter  of  the  surface  which  is  farthest  from  the  underdrains,  from  the 
remainder  of  the  surface.  To  this  quarter,  tha  sewage  is  applied.  Over 
the  remainder  of  the  surface  is  a  layer  of  loam  8  inches  in  depth.  On 
March  30,  the  surface  sand  in  that  portion  of  the  filter  to  which  sewage 
is  applied  was  dug  over  6  inches  deep.  On  August  23,  8  inches  in  depth 
of  sand  were  removed  trom  the  portion  of  the  surface  to  which  sewage  is 
applied,  and  piled  on  the  remaining  portion  of  the  filter.  On  December 
23,  1  inch  in  depth  of  sand  was  removed  and  also  piled  on  the  remaining 
portion  of  the  filter.  The  surface  was  raked  1  inch  deep  once  in  February, 
once  in  December  and  once  a  week  during  the  remainder  of  the  year. 
During  January,  38  inches  of  snow  and  1  Of  inches  of  ice  were  removed 
from  the  filter ;  during  February,  19^  inches  of  snow  and  8|  inches  of  ice ; 
during  March,  6^  inches  of  snow  and  ^  inch  of  ice ;  during  April,  1  inch 
of  snow;  during  November,  1  inch  of  snow;  and  during  December,  7f 
inches  of  snow  and  1 }  inches  of  ice. 


258 


STATE   BOARD  OF   HEALTH.         [Pub.  Doc. 


Effluent  of  FiUer  No.  1. 

[Parts  p«r  lOO.OOO.J 


Quantityl 
Applied. ' 

Gallons 

per  Acre 

DaUy 

for  Sue 

Daya  in  a 

week. 

Tbmfssa- 

TDKB. 

Dm.  F. 

Length 

Time 

Sewage 

remained 

on 
Surface. 

AnVAKAHGS. 

Ammokia. 

• 

1 

7.73 

NrrBOOKK 

AB 

• 

§ 

o 

§ 

o 

o 

1 

• 

1 

• 

© 

■ 

Total 
Albuminoid. 

1 

1 
1 

1904. 

• 

1 

Bacteria  pei 
Centimetc 

January, 

56,500 

51 

36 

12h.  44m. 

Slight. 

0.81 

3.7960 

.12iH» 

0.74 

.0018 

1.28 

156,900 

February,  . 

00,000 

51 

36 

7h.  35m. 

Slight. 

0.6-   I.ISOO 

.1288 

7.90 

0.78 

.0031 

1.07 

178.700 

March, 

60,000 

49 

87 

41m. 

Slight. 

0.94 

4.0626 

.2170 

10.28 

1.47 

.0078 

1.81 

179,900 

April,  . 

60,000 

50 

46 

86m. 

v.  slight. 

0.55 

3.4126 

.1120 

11.31 

4.00 

.0126 

0.76 

82,500 

May,    . 

55,400 

59 

67 

18m. 

V.  Blight. 

0.41 

0.4200 

.0440 

16.82 

6.99 

.0012 

0.49 

8,400 

June,  . 

50,800 

65 

68 

7m. 

V.  slight. 

0.22 

0.0640 

.0440 

14.50 

4.62 

.0006 

0.39 

10,800 

July,    . 

57,700 

72 

72 

9ro. 

0.3 

0.23 

0.0260 

.0925 

16.82 

4.06 

Mm 

0.43 

6,200 

August, 

51,100 

71 

72 

8m. 

0.1— 

0.21 

0.0196 

.0692 

14.74 

7.66 

.0002 

0.88 

8,167 

September, . 

48,500 

66 

69 

11m. 

0.1 

0.22 

0.1817 

.0437 

16.24 

8.86 

.0081 

0.88 

11,600 

October, 

43,800 

67 

69 

11m. 

0.8 

0.24 

0.6946 

.0610 

9.61 

2.78 

.(M«7 

0.49 

11,660 

November,  . 

60,000 

66 

61 

9m. 

0.3 

0.25 

1.0633 

.0673 

10.42 

2.73 

.0123 

0.70 

10,967 

Decern  l)er,  . 

55,500 

67 
69 

41 
63 

6h.  17m. 

0.8 

0.41 

1.2667 

.1000 
.0891 

6.19 
11.63 

1.92 
8.84 

.0075 
.0045 

0.80 
0.70 

16,967 

Average,  . 

54,900 

- 

0.8 

0.43 

1.6086 

51,386 

Effluent  of  FiUer  No.  2, 


January,     . 

29,200 

62 

35 

24h. 

V.  Blight. 

0.48 

1.6730 

.0784 

9.65 

0.50 

.0192 

0.82 

3,216 

February,   . 

32,000 

66 

86 

•    _ 

V.  slight. 

0.90 

1.6438 

.0905 

8.01 

0.61 

.0080 

1.10 

8,488 

March, 

26,700 

48 

86 

7h.  89m. 

V.  Blight. 

3.45 

3.4633 

.2013 

7.44 

0.06 

.0070 

2.13 

2,967 

April,  . 

23,100 

49 

42 

2h.    9m. 

v.  slight. 

2.48 

5.2967 

.1703 

10.86 

0.97 

.0167 

1.60 

2,000 

May,    . 

36,400 

60 

64 

8m. 

V.  Blight. 

0.63 

4.2317 

.0913 

11.87 

2.28 

.0133 

0.81 

2,600 

June,   . 

33,800 

66 

60 

9m. 

V.  Blight. 

0.88 

2.8000 

.0850 

18.38 

3.63 

.U144 

0.67 

700 

July,    . 

38,500 

78 

70 

7m. 

0.1 

0.84 

0.6650 

.0505 

14.35 

3.78 

.0102 

0.46 

296 

August, 

34,100 

71 

70 

17m. 

0 

0.23 

0.0335 

.0217 

16.75 

4.66 

.0035 

0.36 

1,692 

September, . 

32,300 

66 

68 

10m. 

0 

0.20 

0.0071 

.0230 

17.11 

3.75 

.0009 

0.26 

1,251 

October, 

29,200 

67 

60 

21m. 

0.1- 

0.18 

0.0027 

.0196 

6.62 

2.19 

.0000 

0.25 

1,760 

November,  . 

40,000 

68 

60 

28m. 

0.1 

0.15 

0.0960 

.0251 

12.83 

3.81 

.0048 

0.87 

100 

December,  . 

37,000 

64 

59 

41 
62 

8h.    4m. 

0 

0.17 
0.80 

1.1800 

.0440 
.0751 

8.13 
11.83 

1.86 
3.32 

.0272 
.0104 

0.47 
0.77 

1,283 

Average, . 

32,600 

- 

1.7485 

1,779 
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Effluent  of  FiUer  No.  4. 
[Parti  per  100,000.] 


Quantity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 

IHyaina 

week. 

Tbmpbka- 

Tuaa. 

W                  TWk 

Length 

Time 

Sewage 

remained 

on 
Surface. 

AlTBAaAirCB. 

Ammoiiia. 

• 

O 
9.61 

NiTBOeBM 
AS 

• 

1 

Dso.  F. 

Turbidity. 

b            Total 
^       Albuminoid. 

QC 

• 

• 

• 

1 

Bacteria  per  i 
Centimeter. 

1904. 

• 

9 

1 

• 

1 

1 

January, 

18,800 

68 

84 

28h. 

0 

0.07 

0.0160 

1.21 

.0001 

0.19 

151 

February,   . 

19,900 

59 

88 

24h. 

0 

O.IO 

0.0246 

.0186 

10.88 

1.58 

.0002 

0.21 

119 

March, 

14,800 

52 

85 

16h.  46m. 

0 

0.81 

0.4942 

.0542 

11.66 

0.76 

.0015 

0.60 

150 

April,  . 

20.000 

49 

41 

Ih.  80m. 

0 

0.81 

0.5618 

.0660 

9.67 

1.50 

.0064 

0.58 

298 

May,    . 

18,M0 

59 

54 

25m. 

0 

0.09 

0.96SK 

.0898 

7.77 

4.30 

.0069 

0.25 

1,299 

June,  . 

18,fi00 

06 

61 

10m. 

0 

0.(1-  11.8000 

.0290 

10.88 

7.81 

.0007 

0.2B 

44 

July,    . 

20,000 

72 

69 

13m. 

0 

0.11 

0.8200 

.0265 

13.60 

5.74 

.0008 

0.18 

84 

AD^at, 

17,800 

71 

69 

11m. 

0 

0.06 

0.0148 

.0173 

15.10 

4.95 

.0000 

0.20 

800 

8epteml)er, . 

15,400 

66 

65 

2m. 

0 

0.08 

0.0088 

.0167 

14.82 

4.01 

.0001 

0.20 

947 

October, 

15,400 

67 

59 

20m. 

0 

0.10 

0.0024 

.0123 

7.58 

2.58 

.0000 

0.18 

845 

NoTember, . 

20,000 

68 

64 

7m. 

0 

0.07 

0.0019 

.0121 

9.23 

8.04 

.0000 

0.16 

266 

December,  . 

28,000 

55 
60 

44 
52 

4h.  19m. 

0 

0.11 
0.18 

0.0657 

.0140 
.02!S2 

10.13 

10.  >S 

4.21 
3.44 

.0256 
.0086 

0.19 
0.26 

600 

Average, . 

18,000 

- 

0 

0.2719 

417 

Effluent  of  FtUer  No.  SB. 


January,     . 

80,000 

50 

86 

9h.  49m. 

Slight. 

0.69 

3.6080 

.1360 

9.01 

1.62 

.0105 

1.06 

104,600 

February,   . 

67,200 

64 

87 

7h.  50m. 

Slight. 

0.62 

2.7875 

.1210 

9.90 

1.96 

.0085 

1.07 

105,400 

March, 

80,000 

5L 

88 

Ih.  51ro. 

Slight. 

1.05 

3.4300 

.1800 

9.55 

1.88 

.0047 

1.29 

118,000 

April,  . 

76,900 

50 

45 

32m. 

Slight. 

0.66 

2.1500 

.1095 

8.69 

4.36 

.0100 

0.83 

27,500 

May,    . 

70,800 

59 

58 

8m. 

V.  slight. 

0.21 

0.2900 

.0447 

10.S8 

5.29 

.0007 

0.42 

4,900 

June,  . 

70,800 

66 

62 

2m. 

v.  Blight. 

0.20 

0.2750 

.0460 

15.64 

5.54 

.0002 

0.89 

960 

July,    . 

76,900 

72 

72 

5m. 

0.2 

0.21 

0.1000 

.0850 

15.84 

5.69 

.0006 

0.41 

1,600 

August, 

80,000 

71 

72 

4m. 

0.1— 

0.18 

0.1172 

.0806 

15.84 

5.11 

.0001 

0.88 

7,400 

September, . 

61,500 

66 

69 

5m. 

0.1— 

0.16 

0.L184 

.0878 

15.83 

4.62 

.0001 

0.82 

1,500 

October, 

61,500 

69 

59 

7m. 

2.8 

0.29 

1.2000 

.1080 

8.10 

2.35 

.0007 

0.76 

66,050 

NoTember, . 

80,000 

68 

62 

6m. 

0.6 

0.49 

2.2800 

.0993 

13.90 

2.74 

.0009 

0.91 

18,000 

December,  . 

65,200 

58 

45 

47m. 

1.0 

0.91 

2.6167 

.1840 
.0951 

8.87 
11.80 

1.85 
3.64 

.0087 
.0084 

1.34 
0.76 

68,060 

Average, . 

72,600 

60 

54 

- 

0.8 

0.46 

1.5727 

41,100 
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Effiutnt  of  FUter  No.  S. 

[Purti  per  100,000.] 
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11 

ll 
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so  000 
«>o 
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8u;ooo 

w.ioo 

gr 

H,B00 

00 

» 

M 

S 

IS 

so 
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S:'S: 

lb.  Mm. 
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3 

D.WSS 

-ITSO 

■i 
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OUtl 

8.ei 
e.o 

h'.o 
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e'.sf 
g.w 

oi< 

il 

b!so 

l!30 

i 

me 

00S8 

0017 

007B 

as 

•II 
•I- 

Arertge, . 

(4,400 

so 

u 

0.1       \).i» 

i.eoB 

0»« 

11.14 

J.«1.00i8 

».7fl    tl^ 

EfluetU  of  Filler  No.  9d. 


as;, : 
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00,600 
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00,000 
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OS 

so 
w 

78 
SO 

41 
04 

M 
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IBm,' 
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S:i= 

1 

LOW 
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i 

0» 
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S.BB 
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OOOT^C 

IS  in,7Do 

H    111,700 
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p 
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Effluent  of  Filler  No.  10. 
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40 
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Sand  Filtration  of  Septic  Sewage. 

Filler  No.  100  is  goioo  ^^  ^^  *^^®  ^°  ^®*'  *°^  ^®  constructed  of  60 
inches  in  depth  of  sand  with  an  effective  size  of  0.26  millimeter.  This 
filter  was  first  put  into  operation  Jan.  1, 1898,  and  was  continued  through- 
out 1904.  It  has  always  been  fiooded  with  the  eflQuent  of  Septic  Tank  A. 
The  filter  is  raked  each  week,  and  it  was  necessary  on  April  6  to  remove 
6  inches  in  depth  of  clogged  sand.  The  table  of  average  analyses  of  its 
effluent  follows. 

Filter  No.  242,  constructed  of  48  inches  in  depth  of  sand  of  an  effective 
size  of  0.41  millimeter,  was  put  into  operation  February  1,  and  received 
the  effluent  of  Septic  Tank  D  at  an  average  rate  of  100,000  gallons  per 
acre  daily.    A  table  giving  the  average  analysis  of  its  effluent  follows. 


Effluent  of  FxUer  No.  100. 

[Parts  per  100,000.] 


IMM. 


Quantity 
Applied. 

Gallons 
per  Acre 

DailT 

for  Six 
D^rsina 

Week. 


January,     . 
Febroary,   . 
Mazvb, 
April,  . 
May, 

Jane,  .       • 
July,    . 
Angnat, 
September, . 
October, 
MoTember,  . 
December, . 
Average,  * 


800,000 
800,000 
288,900 
242,800 
288,500 
288,500 
108,800 
200,000 
200,000 
161,500 
200,000 
96,800 
222,600 


Tvaa- 
Dao.  F. 


68 
60 
6i 
60 
64 
65 
79 
78 
68 

56 
66 
61 


I 


54 

66 
58 
66 
58 
62 
72 
68 
66 
62 
60 
66 
60 


Length 

Time 

Sewage 

remained 

on 
Snrfftce. 


44m. 
lb.  25m. 
6b. 

45m. 
lb.  2m. 
lb.  10m. 

20m. 
46m. 


ArPBABAMCB. 


1 

■8 


I 


Sligbt. 

Sllgbt. 

SUgbt. 

Decided. 

Decided, 

Decided. 

2.5 

0.5 

0.1 

0.5 

1.1 

4.0 

1.4 


0.65 
0.80 
0.85 
1.60 
0.62 
0.41 
0.88 
0.81 
0.16 
0.20 

2.00 
0.73 


Ammonia. 


_  o 

II 


0.7900 
0.7600 
1.0425 
2.8000 
0.4100 
0.4580 
5.1000 
0.0045 
0.2065 
0.1160 
0.2845 
1.4250 
1.0812 


.0940 
.1140 
.1240 
.2420 
.0860 
.0990 
.2920 
.0470 
.0585 
.0540 
.0555 
.1820 
.1161 


.a 

I 


9.99 

8.88 

8.48 

9.05 

12.03 

14.62 

16.88 

18.65 

9.95 

11.75 

12.22 

6.15 

11.09 


NmtooKN 

AS 


^ 


I 


8.21 
0.80 
0.49 
0.73 
0.72 
1.46 
6.12 
2.01 
3.86 
1.63 
2.69 
1.10 
2.08 


.0810 
.0088 
.0055 
.0645 
.0064 
.0064 
.1100 
.0040 
.0014 
.0008 
.0016 
.0360 
.0225 


& 


0.94 
1.23 
1.10 
3.24 
0.89 
0.81 
2.19 
0.44 
0.28 
0.33 
0.59 
1.74 
1.15 


68,800 

65,000 

28,800 

242,000 

28,800 

9,800 

89,000 

6,260 

5,250 

48,500 

18,000 

49,400 
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Effluent  of  Filter  No.  242. 

[Parts  per  100,000.] 


Quantity 
Applied. 

Gallons 
per  Acre 

DaUy 

for  Six 
Daysina 

Week. 

TSMrXRATUBB. 

Dio.  F. 

Aptbaeahcb. 

Ammomia. 

• 

1 

43.12 

NlTEOOBN 
AS 

Oxygen  Consumed.  1 

1 

1904. 

1 

• 

s 

1 

• 

1 

• 

1 

Total 
Albuminoid. 

• 

1 

Baoteria  per  < 
Centimeter. 

February, 

100,000 

68 

60 

V.sUght. 

0.88 

1.0788 

.0678 

0.26 

.1083 

.80 

444.400 

March,  . 

100,000 

67 

62 

v.  Blight. 

1.08 

1.8760 

.0646 

10.80 

4.87 

.1260 

.62 

39,800 

April,    . 

100,000 

69 

69 

Slight. 

1.10 

0.1167 

.0607 

12.82 

4.20 

.2260 

.41 

76,400 

May,     .       . 

91,400 

64 

66 

Slight. 

1.00 

0.1190 

.0680 

12.94 

4.80 

.3200 

.72 

3,800 

June,     . 

100,000 

64 

68 

Slight. 

0.4.^ 

0.0660 

.0447 

18.71 

3.64 

.2108 

.43 

4,700 

July,     .       . 

100,000 

77 

76 

0.1 

0.44 

0.0640 

.0680 

17.81 

5.20 

.1800 

.87 

1,800 

AugruBt, 

97,800 

72 

72 

0.4 

0.68 

0.0760 

.0260 

16.20 

6.06 

.0067 

.29 

900 

September,  . 

88,700 

68 

67 

0.1 

0.89 

0.0660 

.0860 

16.98 

4.18 

.0086 

.25 

82 

October, 

61,000 

- 

61 

- 

- 

0.0740 

.0280 

9.80 

4.48 

.0082 

.34 

880 

NoTember,   . 

100,000 

69 

66 

- 

0.22 

0.2040 

.0860 

12.83 

6.12 

.0076 

.48 

120 

December,    . 

61,400 

66 

67 

- 

0.27 
0.63 

0.6600 

.0620 
.0466 

10.02 
16.41 

6.88 

.0030 

.88 
.46 

276 

ATerage,   . 

89,600 

68 

64 

0.2 

0.8439 

4.29 

.1040 

61,846 

Operation  of  Contact  Filters. 

During  the  year,  six  contact  filters  have  been  in  operation  at  the  station, 
namely,  Filters  Nos.  103,  175,  176,  221,  237  and  251. 

Filter  No.  103  {-^jshsrs  ^f  ^^  ^^^  ***  Area). 
Filter  No.  103  was  a  coke  contact  filter  5  feet  in  depth,  the  coke  in  this 
filter  being  of  such  a  size  that  all  would  pass  through  a  sieve  with  a  ^inch 
mesh  and  practically  none  through  a  sieve  with  a  |-inch  mesh.  This  filter 
was  continued  in  operation  until  June  10,  1904,  and  at  this  date  it  had 
been  in  operation  six  years  and  six  months.  This  filter  always  received 
the  efifluent  of  Septic  Tank  A,  and  when  first  put  into  operation  the  rate 
was  about  1,000,000  gallons  per  acre  daily,  the  filter  being  filled  once 
daily.  This  rate,  owing  to  the  usual  loss  of  open  space  that  takes  place 
during  the  first  two  or  three  months  of  operation  of  contact  filters,  was 
decreased  somewhat ;  and  after  several  years  of  operation  it  was  neces- 
sary to  fill  the  open  space  twice  daily,  in  order  to  obtain  a  rate  approxi- 
mating that  maintained  when  the  filter  was  started.  During  1908,  the 
average  rate  of  operation  was  788,500  gallons  per  acre  daily.  Towards 
the  end  of  that  year,  however,  the  open  space  of  the  filter  began  to 
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decrease  with  considerable  rapidity.  This  continued  throughout  the  first 
six  months  of  1904,  and  finally  the  clogging  was  so  great  that  the  filter 
was  put  out  of  operation.  A  considerable  percentage  of  this  filling  of 
open  space  was  due  to  an  accumulation  of  oi*ganic  matter,  but  much  was 
due  to  a  breaking  down  or  disintegration  of  the  particles  of  coke  after  this 
more  than  six  years'  use,  with  its  consequent  saturation.  Examination  of 
the  coke  after  the  filter  was  put  out  of  operation  showed  that  the  filtering 
material  contained  25  per  cent  by  weight  of  organic  matter.  This  filter 
was  constructed  of  ordinary  gas-house  coke,  more  or  less  friable.  A  new 
filter  to  take  its  place  was  constructed  of  hard  Pennsylvania  coke,  the 
pieces  being  of  practically  the  same  size  as  those  used  in  Filter  No.  103. 
This  filter  was  called  No.  251,  and  will  be  described  later. 

Effluent  of  Filler  No.  103. 

[ParU  per  100,000.] 


IIKM. 


January, 
February, 
March, . 
ApriJ,  . 
May,  . 
June,  . 
Average, 


Qnantity 
Applied. 

Oftlkms 

por  AcT6 

Daily 

for  Six 

Dayaina 

Week. 


640,000 
288,000 
8(17,000 
689,«X) 
651,500 
407,fK)0 


498,200 


TaiiraaA- 
Tuas. 

Dio.  F. 


r 


s 


03 
50 
54 
50 
64 
65 


56 


54 
56 
56 
51 
64 
60 


67 


AmiARANCB. 


>» 

■*a 

•O 

b 

.a 

o 

u 

p2S 

& 

O 

Decided 

Decided. 

Great. 

Decided. 

Decided. 

Great. 


Decided. 


0.55 
0.90 
1.76 
0.73 
0.80 
0.90 


0.04 


Ammoria. 


ALBUMniOID. 

■ 

0 

<» 

•*« 

S 

■ 

% 

3 

£ 

£ 

& 

a 

1.3900 
1.6600 
i.5600 
2.0800 
1.8000 
24»00 


1.7288 


.1920 
.2020 
.1960 
.2600 
.1580 
.1760 


.1955 


.1130 
.1400 
.1240 
.1260 
.1080 
.1620 


.1272 


I 


8.62 

8.20 

7.65 

11.08 

12.48 

19.30 


11.22 


Nmioosv 

AS 


.68 
.03 
.51 
.83 
.02 
.04 


.26 


5 


.0026 
.0012 
.0070 
0011 
.0013 
.0000 
.0022 


1 


g 
u 

g 

o 


1.68 
1.66 
1.51 
1.86 
1.11 
1.601 


1.41 


3, 

{I 


496.000 
816,000 
130,000 
408,000 
99,800 
165,000 


968,800 


Fillers  No8.  175  and  176  {Each  -^xshsis  of  an  Acre  in  Area). 
Filters  No8.  175  and  176,  first  put  into  operation  Jane  3,  1901,  were 
continued  daring  1904.  Each  filter  is  5  feet  in  depth,  and  is  constructed 
of  pieces  of  coke  of  such  size  that  all  will  pass  through  a  sieve  having  a 
1-inch  mesh,  75  per  cent,  through  a  ^-inch  mesh  and  practically  none  through 
a  sieve  with  a  ^inch  mesh.  Filter  No.  175  has  always  received  sewage 
that  has  passed  through  a  coke  or  coal  strainer,  and  Filter  No.  176  has  re- 
ceived the  regular  station  sewage.  Each  of  these  filters  is  allowed  to  rest 
one  week  in  each  six.  During  the  year.  Filter  No.  175  was  operated  at  the 
rate  of  470,000  gallons  per  acre  daily,  and  Filter  No.  176  at  the  rate  of 
465,000  gallons  per  acre  daily.  Filter  No.  175,  receiving  a  sewage  freer 
from  matters  in  suspension,  gave,  as  usual,  the  best  purification.  Tables 
showing  the  results  of  the  analyses  of  the  eflQuents  of  these  filters  follow. 
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Effluent  of  Filler  No.  176. 
[Pans  per  100,000.] 


Quantity  | 
Applied.  ' 

Oallona 

per  Acre 

Daily 

for  six 

Days  in  a 

Week. 

Tbmi 

TIT 

Dm 

•BSA- 

.  F. 

1 

7    ■ 
1 

._-    1 

AMMOltLA.. 

• 

1 
7.45 

NrraooBR 

Oxygen  Consumed.  1 

APPBAE  A  a  i;k. 

1 

1 

• 

1 

ALBUMIHOID. 

Al 

0 

1904. 

Turbidity. 

* 

1 

5 

1 

M 

• 

Si 

1 

Jo 

January, 

506,900 

66 

58 

Decided.  .59 

1.8260 

.2060 

.1870 

2.56 

.0990 

2.05 

1 

990,000 

February,    . 

534,000 

55 

61 

Decided. 

.62 

0.9000 

.1860 

.1400 

7.31 

2.48 

.0248 

1.25 

688,000 

March, . 

6S0,00U 

50 

59 

Decided. 

.78 

O.9S0O 

.2070 

.1620 

7.28 

3.06 

.0680 

1.48 

568,000 

April,   .        . 

453,500 

51 

55 

Decided. 

.63 

1.0200 

.1940 

.1030 

12.98 

2.82 

.0800 

1.15 

878,000 

May,     .        . 

459,400 

!    59 

65 

Decided.  .58 

0.8563 

.2(N)0 

.1300 

14.51 

1.71 

.0650 

1.88 

2,910,000 

Juno,    . 

518,500 

65 

62 

Great. 

.50 

0.4600 

.2000 

.1150 

14.75 

1.97 

.0040 

1.40 

680,000 

July,     .       . 

548,600 

72 

7« 

13.5 

.83 

0.2625 

.2275 

.1600 

15.01 

2.12 

.0170 

1.79 

407,600 

August, 

'     300,900 

71 

72 

7.0 

.70 

0.66110 

.2440 

.1700 

15.58 

0.23 

.0020 

1.44 

776,000 

September,  . 

408,700 

65 

67 

9.0 

1 

.60 

0.6500 

.2640 

.1460 

17.91 

1.08 

.0024 

1.63 

750,000 

October, 

441,300 

58 

63 

8.0 

.56 

1.1600 

.2960 

.1780 

14.01 

1.34 

.0440 

1.09 

1,060,000 

November,    . 

486.800 

58 

59 

12.0 

.67 

1.8000 

.8600 

.2700 

12.91 

2.18 

.03*20 

1.88 

1,828,000 

December,    . 

326,700 

45 

5S 

58 
63 

4.0 

.50 
.63 

1.3500 

.1500 

.13-20 
.1536 

8.88 
12.38 

3.69 
2.06 

.0880 
.0330 

1.16 
1.48 

- 

Average,  . 

469,600 

8.9 

0.9895 

.2279 

987,700 

Effluent  of  FUler  No.  1 76, 

January, 

i     531,600 

,    63 

52 

1 
Decided. 

1 

.58 

0.6000 

.1740 

.1240 

6.80 

1.93 

.0115 

1.23 

737,500 

February,    . 

513,600 

49 

56 

Decided. 

.75 

1.1000 

.2680 

.1300 

9.23 

0.04 

.0013 

1.84 

1,060,000 

March, . 

311,100 

50 

66 

Decided. 

.70 

3.0000 

.2340 

.1190 

8.00 

0.03 

.0002 

1.64 

167,600 

April,    . 

463,900 

51 

62 

Decided. 

.78 

3.2600 

.3820 

.2980 

11.48 

1.17 

.0170 

1.50 

1,048,000 

May,     . 

512,700 

59 

65 

Decided. 

.63 

2.0875 

.2176 

.1140 

13.8G 

0.32 

.0025 

1.60 

270,000 

June,    . 

688,800 

1 

65 

62 

Great. 

.90 

1.8500 

.2500 

.1300 

14.42 

0.06 

.0006 

1.64 

876,000 

July, 

601,600 

1    72 

72 

15.0 

.79 

0.9450 

.2450 

.2020 

12.72 

0.61 

.0023 

1.96 

457,600 

August, 

822,600 

71 

72 

7.0 

.70 

1.0400 

.2080 

.1780 

14.14 

1.43 

.0600 

1.47 

726,000 

September,  . 

488,100 

65 

68 

11. 0 

.63 

1.3500 

.2460 

.1850 

15.81 

0.02 

.0004 

1.72 

487,600 

October, 

447,900 

58 

63 

12.0 

.70 

2.4000 

1 

.3350 

.2680 

15.29 

0.02 

.0030 

1.26 

725,000 

November,  . 

508,700 

,*» 

M 

12.5 

.64 

2.0600 

.3603 

.2700 

11.93 

1.48 

.0095 

2.07 

958,000 

December,   . 

342,200 

1    45 

1 

'    58 
1 

58 
61 

6.0 

.58 

.69 

1.2000 

.2000 

.1440 

8.11 
11.82 

4.09 
0.93 

.1100 
.0199 

1.53 

- 

Average,  . 

465,000 

1').6 

1.7394 

.2550 

.1798 

1.62 

681,600 

Filter  No.  221. 

Filter  No.  221  is  s^^  of  an  aore  in  area,  and  is  constrncted  of  42  inches 
in  depth  of  broken  stone  of  such  a  grade  that  all  the  pieces  will  pass 
through  a  sieve  with  a  1-inch  mesh,  25  per  cent,  through  a  ^-inch  mesh  and 
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none  throagh  a  sieve  with  a  ^-iooh  mesh.  The  uaderdrains  of  this  filter 
are  constracted  of  6  inches  in  depth  of  cobblestones  laid  upon  brick  chan- 
nels. This  filter  was  first  pat  into  operation  Jaly  7, 1903,  and  during  1904 
was  operated  at  a  rate  of  504,500  gallons  per  acre  daily.  Nitrification 
within  this  contact  filter  of  broken  stone  has  been  very  feeble  during  the 
year,  and  in  marked  contrast  to  nitrification  that  occurs  within  filters  of 
rough  and  porous  material  operated  in  the  same  manner.  The  analyses  of 
the  efi^uent  of  this  filter  follow. 

Effluent  of  Filter  No,  221. 

[Parts  per  100,000.] 


1904. 


January, 

February, 

Marcb, 

April, 

May, 

June, 

July, 

Aufl^oaL 

Seplember, 

October, 

NoTember, 

December, 

ATerage, 


QuMitity 
Applied. 

Oallona 

per  Acre 

DaUy 

for  Sue 

I^ysina 

Week. 


560,000 
560,000 
560,000 
660,000 
588,500 
500,000 
560,000 
542,200 
406,200 
310,600 
475,000 
421,500 


504,500 


TaicraBA- 

Tuaa. 

APFBAaANCS. 

Dao.  F. 

• 

• 

• 

1 

1 

1 

■ 

1 

68 

48 

Great. 

0.74 

48 

46 

Great. 

0.75 

60 

46 

Great. 

1.2G 

61 

48 

Decided. 

1.80 

50 

50 

Great. 

0.97 

65 

65 

Great. 

1.45 

72 

72 

8.0 

0.62 

71 

70 

8.5 

0.70 

65 

63 

6.5 

O.-^O 

58 

61 

7.0 

0.68 

58 

68 

17.0 

0.70 

45 

58 

49 
57 

18.0 

0.70 

10.0 

0.86 

Ammokia. 


I 


ALBTTMINOID. 


1 


I 

S 

5 


0550 
5000 
9760 
8750 
2300 
8000 
7125 
6125 
2160 
6800 
8500 
6500 


2.1297 


.2720 
.8080 
.29&'S 
.2450 
.8200 
.8550 
.2425 
.2625 
.2040 
.8160 
.4500 
.3950 


.3051 


.2160 
.2400 
.2140 
.2160 
.2000 
.2015 
.1600 
.1860 
.1580 
.2440 
.2910 
.8080 


.2196 


Nrraoosx 

• 

AS 

• 

• 

2 

1 

i 

7.44 

^ 

% 

.17 

.0002 

7.56 

.17 

.0011 

7.71 

.18 

.0012 

11.44 

.04 

.0000 

12.10 

.08 

.0002 

11.88 

.03 

.0006 

13.82 

.02 

.0003 

12.00 

.07 

.0060 

7.91 

.51 

.0030 

10.86 

.04 

.0080 

11.55 

.85 

.0045 

9.07 

.07 

.0025 

10.20 

.14 

1 

.0019 

I, 


2.46 
2.64 
2..'S2 
2.04 
2.82 
3.84 
1.83 
1.78 
1.50 
1.96 
2.12 
3.64 


2.89 


I 


980,000 

970,000 

645,000 

676,000 

915,000 

850,000 

810,000 

905.000 

1,896,000 

1,200.000 

1,406.000 

670.000 


856,000 


Filter  No.  251. 

• 

Filter  No.  251,  yo^^ny  ^^  ^°  ^^^^  ^°  area,  is  constructed  of  28  inches  in 
depth  of  Pennsylvania  coke,  this  coke  being  of  such  a  size  that  all  will 
pass  through  a  sieve  wilh  a  ^-inch  mesh  and  practically  none  through  a 
j-inch  mesh.  This  filter  was  put  into  operation  Aug.  1,  1904,  and  is 
flooded  with  the  effluent  of  Septic  Tank  A  in  three  doses  one  hour  apart. 
Following  this,  the  filter  stands  two  hours  and  is  then  drained  slowly. 
The  average  analysis  of  the  effluent  of  this  flter  follows. 

Effluent  of  Filter  No.  261. 

fPariu  per  100,000.] 


IS«4. 


QuMitity 
Applied. 

GaUoni 

per  Acre 

DftUy 

for  six 

D^yg  ina 

Week. 


Aag.-Dec.,  Inclasire,  . 


686,400 


TBMraRA- 

TUBB. 

Dao.  F. 


I 


0 


63 


60 


Appbah- 

ANOK. 


I 


JO 

o 


10.5 


.58 


Ammokia. 


ALBUMIVOID. 


I 

a 


2.9678 


.2789 


.1928 


« 

I 

o 


11.87 


NiTHOOBN 
AS 


I 


.28 


I 


.0090 


1.98 


948.000 
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FiUer  No,  237. 

Filter  No.  237,  gpjqq  of  an  acre  in  area,  is  constructed  of  clinker  vary- 
ing in  size  from  f  of  an  inch  to  1|  inches  in  diameter.  Clinkers  are  laid 
over  brick  underdrains,  and  the  depth  of  the  filter,  including  underdrains, 
is  5  feet  6  inches.  The  filter  receives  the  efHuent  of  Filter  No.  221,  and 
is  flooded  twice  daily.  The  average  rate  of  operation  has  been  1,000,000 
gallons  per  acre  daily.  A  table  follows,  showing  the  average  analyses  of 
samples  of  effluent  collected  during  the  morning  and  afternoon  of  each 

day's  operation. 

Effluent  of  Fdler  No.  237,  AM. 

[Parte  per  100,000.] 


Quantity 
Applied. 

Oallona 

per  Acre 

Daily 

for  Six 

Dajtina 

week. 

TSMPBRA- 
TXTKE. 

A  naai. 

1 

Ammonia. 

1 

• 

10.94 

NrrBOOBX 

• 

& 

Dao.  F. 

1 

• 

ALBVMIKOID. 

AS 

Bacteria  per  Gu 
Centimeter. 

■••4. 

• 

• 

• 

2 

1 

1  ' 

• 

1 

1 

s 

1 

Average, 

767,000 

67 

68 

9.0 

.60 

1.0681 

.2097 

.1878 

.72 

.0063 

1.49 

718,600 

Effluent  of  FiUer  No.  237,  RM. 


Average, 


960,000 

67 

66 

8.8 

.66 

1.220l'.lA'V7 

1 

.1456 

10.43 

1 

.60 

.0120  1.67 

668,400 


Intermittent-continuous  or  Sprinkling  Filters. 

FUtera  Noa.  135,  136,  189,  233,  234,  235,  236,  247,  248  afid  222. 

During  1904,  ten  intermittent-continuous  or  sprinkling  filters  have  been  in 
operation.    Nine  of  these  filters  are  located  at  the  experiment  station,  and 

each  is  ^dh^^  ^^  ^^  ^^^^  ^^  ^^^^ »  ^°^  ^^^  filter.  No.  222,  is  located  at  the 
Andover  filtration  area,  and  is  ^^  of  an  acre  in  area. 

Some  of  the  filters  are  constructed  of  smooth  and  some  of  rough  and 
porous  materials.  They  are  of  varying  depths  and  are  operated  at  dif- 
fering rates.  Filters  Nos.  135,  186,  247,  248  and  222  are  constructed  of 
broken  stone ;  Filters  Nos.  233,  234,  235  and  236  are  constructed  of 
clinker;  and  Filter  No.  189  of  broken  brick. 

Filters  Nos.  135  and  136  were  first  put  into  operation  during  1899,  and 
at  the  end  of  1904  had  been  in  operation  more  than  five  years.  Each  filter 
is  11  feet  10  inches  in  depth,  and  is  constructed  of  broken  stone  all  of 
which  will  pass  through  a  screen  with  a  1-inch  mesh,  40  per  cent,  through 
a  screen  with  a  }-inch  mesh  and  4  per  cent,  through  a  screen  with  a  ^inch 
mesh.  The  sewage  is  distributed  over  the  surface  of  these  filters,  as  on 
all  other  intermittent-continuous  filters  at  the  station,  by  means  of  auto- 
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matic  tipping  basins.  During  the  year,  botli  of  these  filters  have  received 
regular  station  sewage,  Filter  No.  135  being  operated  at  an  average  rate 
of  1,150,000  gallons  per  acre  daily,  and  Filter  No.  136  at  an  average  rate 
of  1,938,000  gallons  per  acre  daily.  Operating  at  these  rates,  there  has 
been  comparatively  little  difference  in  the  keeping  or  non-putrescible  qual- 
ity of  the  effluents,  and  nitrification  has  been  active  in  both.  The  effluent 
of  the  filter  operating  at  the  higher  rate  contained,  however,  approximately 
twice  as  much  free  ammonia,  somewhat  more  albuminoid  ammonia  and 
about  two-thirds  the  amount  of  nitrates  of  the  effluent  of  Filter  No.  135. 
Each  filter  produced  a  practically  non-putrcscible  effluent. 

For  further  information  upon  the  quality  of  effluents  that  can  be  obtained 
by  filtration  in  this  manner  through  filters  of  broken  stone,  Filters  Nos.  247 
and  248  were  put  into  operation  during  May,  1904.  Each  of  these  filters 
contains  the  same  grade  of  broken  stone  as  in  Filtei*s  Nos.  135  and  136. 
Filter  No.  247  is  5  feet  in  depth ;  and  Filter  No.  248,  8  feet  in  depth. 
Each  of  these  filters  has  been  operated  at  a  rate  of  about  1 ,000,000  gallons 
per  acre  daily.  The  deeper  of  these  filters  produced  an  effluent  containing 
as  high  nitrates  as  in  the  effluent  of  Filter  No.  136  ;  while  in  the  shallower 
filter,  only  5  feet  in  depth,  nitrification  was  comparatively  inactive,  nitrates 
being  only  about  one-sixth  as  high  as  in  the  effluent  of  Filter  No.  135,  of 
twice  as  great  a  depth,  but  operating  at  practically  the  same  rate.  While 
both  filters  were  intended  to  be  operated  with  sewage  of  the  same  strength. 
Filter  No.  248  received  during  the  latter  part  of  the  year  a  very  much 
stronger  sewage  than  Filter  No.  247,  which  caused  the  free  and  albuminoid 
ammonia  of  the  effluent  of  this  filter  to  be  somewhat  greater  than  the  same 
bodies  in  the  effluent  of  Filter  No.  247.  Neither  effluent  was  as  stable  as 
the  effluent  of  the  deeper  broken-stone  filters. 

The  fifth  filter  of  broken  stone,  namely.  Filter  No.  222,  ^^  of  an  acre  in 
area,  and  located  at  the  Andover  filtration  area,  was  first  put  into  opera- 
tion July  13,  1903,  and  has  always  received  Andover  sewage  after  same 
has  passed  through  a  settling  tank.  This  filter  contains  8  feet  in  depth  of 
broken  stone,  and  is  constructed  as  follows:  The  original  cypress  tank 
used  for  this  filter  was  6  feet  in  depth  only,  and  in  order  to  obtain  a 
depth  of  8  feet  the  sides  of  the  tank  were  built  up  with  large  field  stones 
to  a  height  of  2  feet.  For  collecting  drains,  6-inch  Akron  drain  pipes 
with  open  joints  are  laid  across  the  diameters  of  the  filter,  and  these  pipes 
extend  to  within  2  feet  of  the  sides  of  the  filter.  Above  and  around  these 
drain  pipes  are  placed  13  inches  of  large  field  stones,  some  of  which  are 
nearly  a  foot  in  diameter  and  on  these  is  placed  a  layer  of  7  inches  in 
depth  of  small  field  stone,  and  above  these  54  inches  of  broken  stone, 
most  of  the  pieces  of  which  are  more  than  2^  inches  in  diameter ;  and,  on 
top  of  this,  a  layer  of  22  inches  of  broken  stone  of  a  somewhat  smaller 
grade. 
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The  average  rate  of  operation  of  this  filter  during  the  year  has  been 
1,465,000  gallons  per  acre  daily.  It  has  been  evident  that  this  filter  is 
constructed,  especially  throughout  its  lower  portion,  of  too  coarse  a  grade 
of  material  to  produce  good  results  at  this  high  rate ;  and  it  is  also  evident 
that  these  underdrains  of  very  coarse  material  have  been  unnecessary,  and 
that  a  shallower  depth  of  open  underdrains  would  have  been  fully  as 
efficient  in  allowing  free  flow  of  effluent  and  i*emoval  of  the  coarse  sediment 
and  in  thus  preventing  clogging  of  the  lower  layers.  During  warm  weather 
nitrification  in  the  filler  was  active,  but  during  winter  weather  it  was  low. 
During  the  winter  of  1903-04,  as  stated  in  the  last  report,  the  method  of 
applying  sewage  was  different  from  that  followed  in  the  warm  weather ; 
that  is,  instead  of  application  by  means  of  tipping  basins,  series  of  pipes 
were  placed  below  the  surface  of  the  filter.  During  the  winter  of  1904-05, 
however,  the  tipping  basin  method  was  followed,  and  the  filter  was  covered 
with  a  roof  of  boards.  It  is  of  interest  to  note  that  during  neither  winter 
was  there  the  slightest  trouble  from  cold  weather,  so  far  as  the  operation 
of  the  filter  and  disposal  of  sewage  is  concerned. 

During  the  months  of  January,  February  and  December,  1904,  the  tem- 
perature of  the  applied  sewage  was  44, 42  and  47  degrees  F.,  respectively, 
and  the  temperature  of  the  effluent  was  43, 42  and  47  degrees,  respectively ; 
that  is  to  say,  the  sewage  passed  through  this  filter  practically  without 
any  lowering  of  its  temperature. 

As  stated  previously  in  this  chapter,  four  intermittent-continuous  filters, 
constructed  of  clinker,  were  in  operation  at  the  station  during  the  year, 
namely.  Filters  Nos.  233,  234,  235  and  236.  This  study  was  planned 
to  show  the  degree  of  purification  of  sewage  or  stability  of  effluent  that 
can  be  obtained  by  filters  of  this  material  constructed  of  different  depths 
and  of  different  grades  of  material.  £ach  of  these  filters  is  777^7^7  ^^  ^^ 
acre  in  area.  Filters  Nos.  233  and  234  are  constructed  of  clinker,  the 
pieces  of  which  vary  in  diameter  from  ^  of  an  inch  to  If  inches.  Filter 
No.  233  is  69  inches  in  depth,  however,  while  Filter  No.  234  has  a  depth 
of  46  inches  only.  Filters  Nos.  235  and  236,  each  -zjjhru  ^^  ^^  ^^^  ^° 
area,  are  constructed  of  clinker,  the  pieces  of  which  vary  between  f  of  an 
inch  and  f  of  an  inch  in  diameter.  Filter  No.  235  has  a  depth  of  69 
inches,  while  Filter  No.  236  has  a  depth  of  46  inches.  Each  of  these 
filters  has  open  brick  underdrains,  covered  with  a  fine  layer  of  coarse 
crushed  stone,  and  each  has  been  operated  at  the  rate  of  1,000,000  gallons 
per  acre  daily.  The  tables  of  analyses  of  the  effluents  of  these  filters 
follow. 

Filter  No.  189,  ^ohoo  ^^  ^^  ^^^®  ^°  area,  was  first  put  into  operation 
May  14,  1902,  and  was  discontinued  April  30,  1904.  This  filter  was  con- 
structed of  pieces  of  broken  brick  about  2  inches  in  diameter.  During  its 
period  of  operation  in  1904,  the  average  rate  was  1,451,000  gallons  per  acre 
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daily.  While  nitrification  wa9  generally  quite  active  in  this  filter,  the 
organic  matter  remaining  in  its  effluent  was  but  slightly  changed  by  passage 
through  the  filter,  and  hence  very  putrescible. 

Effluent  of  Filter  No.  135, 

[Parts  per  100,000.] 


Quantity 
Applied. 

Gallons 

per  Acre 

Daily 

forSk 

Days  in  a 

week. 

TSMPUU- 

Tjjnm. 
Dae.  F. 

Appbasamcb. 

Ammohxa. 

8.68 

NiTHOaSN 

• 

1 

5 

1 

• 

1 

ALBUMINOID. 

AS 

0 
fa  li 

IM4. 

• 

• 

1 

tk 

• 

o 

• 

• 

1 
1 

■ 

• 

Jo 

Jannarj, 

1,048,600 

63 

41 

Decided. 

0.90 

1.2800 

.3800 

.1640 

3.46 

.0030 

2.92 

90,800 

February,    . 

],02S.200 

49 

44 

Decided. 

0.68 

0.6200 

.2820 

.1440 

9.66 

3.16 

.0033 

2.14 

138,800 

Mareb, . 

1,001,000 

60 

44 

Sligbt. 

0.68 

0.2607 

.2280 

.1113 

8.61 

3.62 

.0060 

1.79 

62,600 

April,   . 

1,000,000 

61 

47 

SUgbt. 

0.70 

0.0800 

.2620 

.1060 

10.70 

4.64 

.OOiO 

2.12 

14,000 

May.     .       . 

996,200 

60 

61 

SUght 

0.48 

0.3960 

.6776 

.1860 

17.07 

6.00 

.0087 

3.76 

16,600 

June,    . 

994,600 

66 

67 

Decided. 

0.72 

0.9000 

.4640 

.1270 

14.31 

2.59 

.0126 

3.21 

33,000 

July,     . 

1,476,900 

TO 

71 

IB.O 

0.60 

0.6267 

.3800 

.0803 

9.63 

2.34 

.0061 

3.60 

34.800 

August, 

1,490,400 

71 

64 

6.0 

0.86 

0.3575 

.1290 

.0730 

19.70 

2.94 

.0032 

1.19 

46.800 

September,  . 

1,430,800 

65 

68 

6.0 

0.44 

0.4760 

.1390 

.0880 

8.80 

1.78 

.0037 

1.17 

62,000 

October, 

1,011,600 

68 

66 

7.0 

0.48 

1.0600 

.2000 

.1300 

10.12 

1.63 

.0070 

1.65 

316,000 

Noyember,   . 

1,496,600 

68 

49 

6.0 

0.46 

1.7668 

.1900 

.1080 

9.08 

1.60 

.0090 

1.66 

63,600 

December,   . 

883,000 

46 

68 

48 
64 

11.0 

0.61 

0.8360 

.2950 
.2889 

.1160 

7.77 
11.17 

1.84 
2.95 

.0110 
.0064 

2.60 
2.80 

62,600 

Average,  . 

1,160,400 

8.0 

0.67 

0.7047 

.1143 

77,300 

Effluent  of  Filter  No.  136. 


January, 

1,798/iOO 

63 

42 

Decided. 

0.86 

1.4300 

.1660 

.1270 

8.40 

2.10 

.0047 

1.84 

60,600 

February,    . 

1,924,800 

49 

46 

Decided. 

0.83 

1.3600 

.2985 

.2130 

8.68 

1.88 

.0090 

2.27 

269,000 

March. . 

2,012,000 

60 

46 

Decided. 

0.99 

1.6900 

.2640 

.1800 

9.07 

1.78 

.0103 

2.19 

266,000 

April,   .       . 

2,025,400 

61 

49 

Decided. 

1.30 

1.0500 

.3800 

.1600 

7.67 

2.30 

.0110 

8.27 

116.000 

May,     .       . 

1,968,600 

60 

61 

Decided. 

0.60 

0.9675 

.4360 

.1470 

16.06 

3.30 

.0135 

3.11 

40,800 

June,    . 

1,867,000 

66 

67 

Decided. 

0.66 

0.7676 

.6800 

.1640 

13.80 

3.69 

.0060 

1.64 

80,000 

July,    .       . 

2,262,800 

73 

72 

18.7 

0.66 

0.7467 

.6000 

.1498 

10.44 

3.46 

.0073 

3.79 

47,800 

August, 

2,414,800 

71 

66 

7.0 

0.48 

1.6776 

.1896 

.0960 

19.91 

1.64 

.0064 

1.79 

61,800 

September,  . 

1,600,000 

66 

60 

11.0 

0.65 

1.0176 

.2246 

.1010 

11.36 

1.91 

.0082 

2.07 

46,600 

October. 

1,634,600 

68 

68 

10.0 

0.67 

2.1000 

.2600 

.8000 

10.00 

1.00 

.0130 

1.86 

366,600 

Noyember,  . 

2,600,000 

68 

49 

6.6 

0.64 

3.3126 

.2395 

.1460 

9.15 

1.23 

.0120 

1.71 

102,800 

December,  . 

1,870,400 

45 

48 

16.0 

0.49 

1.7600 

.4400 

.1800 

8.24 
11.06 

1.37 
2.05 

.0160 
.0096 

3.28 
2.39 

62,600 

Ayerage,  . 

1,988,000 

66 

66 

10.6 

0.68 

.8343 

.1600 

123,900 
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Effluent  of  Filter  No.  247. 
[Parts  per  100,000.] 


Maj-DeC',  iDcluBiye, 


Quantity 
Applied. 

GeUont 

per  Acre 

Dally 

forSU 

Dayaina 

Week. 


925,500 


TSMPSBA- 
TUSl. 

Dbg.  F. 


s 


61 


64 


ArniAB- 

ANCB. 


S 


8.6 


.68 


AMMOiriA. 


ALBUKIirOID. 


a 

% 

I 


2.8100 


.8075 


.1081 


I 


12.01 


Nttboobn 

A8 


I 


0.52 


I 

.0216 


t 


% 

s 

H 

o 


« 
lO 


1.80 


880,800 


Effluent  of  Filter  No.  248. 


May-Dec.,  Inclnslve,    . 


968,400 


61 


61 


10.0 


.78 


4.0924 


.6775 


.2813 


11.28 


2.12 


.0672 


2.81 


409,000 


Sewage  Applied  to  Filter  No,  222. 
[Parts  per  100,000.] 


Temperature. 
Deg.  F. 

Ammonia 

Kjbldahl 
NrraooBN. 

» 

1 

s 

1 

.2 

1 

ALBVMIHOU). 

• 

1 

5 

1904. 

■ 

1 

In 
Sohition. 

January, 

44 

8.44 

0.58 

.87 

1.80 

0.71 

8.95 

8.89 

2,740,000 

February,    . 

42 

8.81 

0.56 

.89 

1.42 

1.06 

8.60 

8.81 

1,506,000 

March, 

41 

2.99 

1.06 

.69 

2.88 

1.59 

8.77 

8.40 

1,805,000 

April,  . 

48 

2.60 

1.76 

.42 

4.61 

1.80 

8.49 

0.96 

6,550,000 

May,    . 

49 

2.58 

0.46 

.82 

1.26 

0.87 

8.97 

2.51 

1,757,000 

June,  . 

57 

8.10 

0.54 

.28 

0.97 

0.51 

5.06 

2.10 

1,596,000 

July,    . 

62 

2.16 

0.40 

.22 

0.68 

0.85 

4.07 

1.70 

666,000 

Auipist, 

64 

8.65 

0.82 

.25 

0.69 

0.44 

6.88 

2.46 

660,000 

September, . 

68 

4.95 

0.82 

.47 

1.44 

0.70 

6.44 

8.45 

1,726.000 

October, 

58 

4.97 

0.77 

.48 

1.71 

0.79 

6.05 

8.89 

2,820,000 

November, 

58 

4.65 

0.69 

.44 

1.50 

0.91 

5.56 

8.56 

2,720,000 

December, 

47 

2.67 

0.41 

.27 

0.81 

0.54 

8.28 

2.60 

1,730,000 

Average, 

52 

8.41 

0.70 

.88 

1.56 

0.81 

4.69 

2.78 

2,091,000 
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Effluent  of  Filter  No.  222. 

(Parts  per  100,000.] 


Quantity 
Applied. 

Oallona 
per  Acre 

Daily 
for  Seven 
Days  in  a 

Week. 

TSMPBHA- 
TUBB. 

ArPBABANCI. 

Ammonia. 

• 

o 
4.43 

NrraooBN 

• 

1 

s 

o 

•mm 

Dao.  F. 

1 

ALBUMINOID. 

AH 

0 
^  is 

1»M. 

• 

1 

1 

■ 

1 

• 

1 

1 

a 

• 

Bacteria  pei 
Centimetc 

January, 

1,472,000 

44 

43 

SUgbt. 

.77 

3.5000 

.7860 

.3696 

0.05 

.0082 

4.16 

8,818,000 

February, 

1,460,000 

48 

42 

Slight. 

.69 

3.1760 

.8686 

.3185 

3.59 

0.04 

.0025 

4.04 

2,788,000 

March, . 

l,4M,60O 

41 

41 

Slight. 

.68 

2.7660 

.6530 

.8988 

3.68 

0.09 

.0124 

2.38 

1,078,000 

April,  . 

1.487,700 

43 

43 

Slight. 

.61 

2.0038 

.8800 

.8100 

3.85 

0.06 

.0085 

1.60 

60,000 

May.     .        . 

1,476,700 

49 

60 

Slight. 

.38 

1.9676 

.8863 

.1876 

3.69 

0.45 

.0133 

1.32 

162,000 

Jane,    . 

1,4M),400 

67 

68 

Slight. 

.49 

2.8500 

.4860 

.1900 

4.09 

0.13 

.0192 

1.60 

1,128,000 

July,     .        . 

1,486,700 

68 

64 

8.6 

.64 

2.1760 

.4060 

.1460 

6.0A 

0.47 

.0646 

1.48 

484,000 

Augnst, 

1,491,900 

64 

67 

8.8 

.66 

2.5276 

.4083 

.1600 

9.06 

1.28 

.0698 

1.97 

370,000 

September,  . 

1,488,000 

63 

64 

8.9 

.60 

2.3040 

.3616 

.1578 

7.92 

2.01 

.0416 

2.14 

436,800 

October, 

1,488,600 

68 

60 

4.3 

.51 

2.0292 

.4198 

.1600 

6.69 

1.91 

.0890 

2.06 

201,700 

November,   . 

1,316,500 

63 

63 

6.0 

.62 

8.0166 

.4468 

.2185 

6.88 

0.83 

.0883 

1.97 

498,000 

December,    . 

1,481,400 

47 
63 

^47 
63 

3.0 

.61 

2.9260 

.3150 

.1863 

4.81 
6.20 

0.42 
0.65 

.0173 
.0846 

2.01 
2.23 

768.000 

Average,  . 

1,465,000 

3.4 

.57 

2.6706 

.4788 

.2141 

891,000 

Effluent  of  Filler  No,  233, 
[Parts  per  100,000.] 


Average, 


Quantity 
Applied. 

OallonB 

per  Acre 

Daily 

for  six 

DavB  in  a 

week. 


886,000 


T17BB. 

Dao.  F. 


68 


60 


Appbar- 

ANCB. 


I 


e 
O 


9.2 


.77 


Ammonia. 


ALBUMINOID. 


I 


2.7515  .8247 


.1755 


I 


NlTBOeiN 
AS 


10.09 


1.24 


.0377 


9 


i 


s 


2.18 


418,000 


Effluent  of  Filler  No,  234. 

Average, 

949,000 

68 

60 

11.6 

.88 

3.4225 

.4707 

.2431 

10.16 

0.73 

.0768 

2.80 

717,000 

Effluent  of  Filler  No.  236. 

Average, 

896.600 

68 

60 

7.2 

.57 

1.3169 

.3061 

.1312 

11.79 

2.20 

.0791 

1.89 

962,000 
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Effluent  of  Filler  No.  236. 

[Parts  per  100,000.] 


1»M. 


Average, 


Quantity 
Applied. 

Gallona 
per  Acre 

DaUy 

for  Six 
iDarsina 

week. 


908,900 


Tvaa. 
Dao.  F. 


I 


I 

H 


&8 


61 


AprBAa 

ARCS. 


i 
■s 


11.0 


O 

o 


.77 


Ammonia. 


I 


ALBUMUOID. 


I 


S.6721 


.4411 


.2264 


11.18 


NrraooBw 

A8 


I 


0.60 


.0187 


2.4S 


687,800 


Effluent  of  Filler  No.  189. 


Jan.-Apr.f  Inclasive,    . 


1,461,600 


61 


47 


.86 


8.0789.6200 


.2168 


7.40 


2.13 


.0882 


2.76  6M,200 


Double  Filtration. 

FUters  Nob.  224,  249,  250  and  252. 

Daring  the  year,  four  Qecondary  filters,  namely.  Filters  Nos.  224,  249, 
250  and  252,  have  been  in  operation,  and  have  received  the  effluents  of 
filters  of  coarse  materials. 

Filter  No.  224  is  gqioo  ^^  ^°  ^^^^  ^^  area,  and  is  constructed  of  54 
inches  in  depth  of  sand  of  an  effective  size  of  0.27  millimeter.  This  filter 
was  put  into  operation  Oct.  1,  1903.  It  receives  the  effluents  of  Filters 
Nos.  185  and  136  after  these  effluents  have  passed  through  a  sedimentation 
basin.  The  average  rate  of  filtration  of  this  filter  for  the  year,  was  500,000 
gallons  per  acre  daily,  although  during  a  considerable  portion  of  the  year 
the  rate  was  considerably  greater  than  this.  At  the  end  of  1904,  it  was 
necessary  to  remove  3  inches  in  depth  of  sand.  The  good  quality  of  the 
effluent  of  this  filter  is  shown  by  the  average  analysis  following. 

Filters  Nos.  249  and  250,  ^jshsjf  ^^  ^^  ^^^  ^°  area,  were  put  into  opera- 
tion May  16,  1904,  and  each  is  constructed  of  60  inches  in  depth  of  sand 
of  an  effective  size  of  0.41  millimeter.  Each  filter  receives  the  effluents  of 
Filters  Nos.  135  and  136  after  these  effluents  have  passed  through  a  sedimen- 
tation basin,  and  during  the  year  each  has  operated  at  an  average  rate  of 
approximately  700,000  gallons  per  acre  daily.  It  is  intended  with  these 
two  filters  to  make  a  study  of  surface  treatment.  Filter  No.  249  is  never 
to  be  dug  over  to  a  greater  depth  than  3  inches,  and  when  it  fails  to  dispose 
of  its  prescribed  dose,  this  3  inches  of  sand  is  to  be  removed.  Filter  No. 
250,  on  the  other  hand,  will  be  spaded  to  a  greater  depth  when  necessary. 
With  filters  operated  at  this  high  rate,  this  deeper  spading  will  cause 
sand  removal  to  be  ultimately  necessary,  and  perhaps  the  amount  removed 
may  be  greater  than  from  Filter  No.  249. 
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Filter  No.  252,  ^q^qq  of  an  acre  in  area,  is  constracted  of  86  iDches  in 
depth  of  coke  breeze  over  6  inches  in  depth  of  brick  underdrains.  It  re- 
ceives the  efflaents  of  Filters  Nos.  233,  234,  235  and  236  after  passage 
through  a  sedimentation  tank.  The  filter  was  put  into  operation  Aug.  4, 
1904.  Its  average  rate  of  filtration  was  1,150,000  gallons  per  acre  daily; 
and  operating  at  this  rate  it  was  necessary  to  rake  the  filter  nine  times,  and 
to  i-emove  1  inch  in  depth  of  coke  upon  October  25. 


Effluent  applied  to  Fillers  Nos.  224,  249  and  260. 

[Parte  per  100,000.] 


Ayerage, 


a 


67 


AmAKANca. 


s.o 


I 


.69 


Ammokia. 


ALBUMIKOID. 


S 
S 


J 


c2 


1.8710 


.1625 


.1194 


I 


11.81 


NrmooBN  as 


I 


I 


2.89 


.0258 


§ 

!0 


M 

o 


I.IO 


o 

XI 
M 


•8 


s 


624,700 


Effluent  of  Filler  No.  224. 

[Parts  per  100,000.] 


Qaantity 
AppIiAd. 

Oallont 

per  Acre 

Daily 

for  Six 

Dart  in  a 

Wmk. 

TSMPBRA- 
TUBB. 

Dbo.  F. 

Appbab- 

AHCB. 

Ammonia. 

• 

1 

9.90 

1 

NrraooBx 

AS 

• 

Bacteria  per  Cubic 
Centimeter. 

1««4. 

■ 

• 

i 

1 

1 

■ 

S 

o 

1 

Albu- 
minoid. 

■ 

1 

Average, .... 

496,100 

66 

56 

0.1 

.41 

0.1461 

.0686 

2.66 

.0044 

.64 

71,700 

Effluent  of  Filter  No.  249. 


Average, 


688,700 


61 


61 


0.8 


.38 


0.1671 


.0646 


13.26 


3.27 


.0085 


.62 


64,960 


Effluent  of  Filter  No.  250. 


Average, 


p       • 


604,000 


61 


61 


0.6 


.84 


0.1204 


.0687 


13.28 


3.40 


.0066 


.61 


170.200 


Effluent  of  Filler  No.  252. 


Aug.-Dec.,  inclasive, 


1,164,000 


60 


67 


0.8 


.40 


1.9167 


.0912 


11.23    1.46 


.1044 


.74 


eo,5ca 
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Miscellaneous  Filters. 

Duriog  the  year,  a  number  of  filters  other  than  those  already  described 
have  been  in  operation,  but  the  results  obtained  from  them  have  not  been 
of  enough  significance  to  warrant  much  discussion. 

Filters  Nos.  202  and  203,  ^u^tht  ^^  ^^  ^^^®  ^^  area,  and  constructed  of 
4}  feet  in  depth  of  sand  of  an  effective  siase  of  0.27  millimeter,  were  con- 
tinned  until  the  end  of  April,  and  tables  showing  the  average  analyses  of 
the  eflQuents  for  that  period  follow.  Filter  No.  202  received  sewage  from 
Septic  Tank  A  and  Filter  No.  203  regular  station  sewage.  They  were 
both  operated  at  the  average  rate  of  80,000  gallons  per  acre  daily.  The 
object  of  the  experiment,  as  stated  in  the  last  report,  was  to  compare 
purification  of  station  sewage  and  septic  sewage  in  duplicate  filters.  The 
results  during  1904,  as  during  1903,  showed  that  the  filter  receiving  septic 
sewage  gave  a  slightly  poorer  eflQuent,  although  nitrification  was  high  in 

both  filters. 

Effluent  of  Filter  No.  202. 

[Parts  per  100,000.] 


1904. 


Quantity 
Applied. 

Oallont 

per  Acre 

Dftily 

for  Six 

Daysina 

Week. 


Jan. -April,  inclasive, 


80,000 


Tbhpesa- 

TDRB. 

Dm.  F. 


s 


61 


60 


5 

o 


.31 


Ammonu.. 


,1 


.0688 


.oao8 


a 


8.00 


NrnuMBX 

▲8 


• 


I 


4.68 


.0019 


O 

8.1 


IS 


.» 


1,CK30 


Effluent  of  Filter  No,  203. 


Jan.-April,  inclaslTe, 


80,000 


62 


69 


.18 


.2646 


.0266 


10.48 


6.17  1.0012 


.80 


2,400 


FUters  Nos.  209,  211  and  213. 
These  filters,  first  put  into  operation  in  May,  1903,  were  continued  until 
the  end  of  April,  1904.  £ach  filter  was  77{\nnr  ^^  ^°  ^^^®  ^^  area,  and 
was  constructed  of  4  feet  in  depth  of  sand  of  an  effective  size  of  0.27 
millimeter.  Filter  No.  209  was  flooded  with  sewage  from  the  first  com- 
partment of  Septic  Tank  D,  Filter  No.  211  with  sewage  from  the  third 

•  

compartment  of  Septic  Tank  D,  and  Filter  No.  218  with  sewage  from  the 
fifth  compartment  of  Septic  Tank  D.  (For  analyses  of  sewage  applied 
see  page  254.)  Each  of  these  filters  was  operated  at  the  rate  of  100,000 
gallons  per  acre  daily,  and  following  tables  show  the  average  analyses  of 
the  eflSuents.  It  will  be  seen  that  there  was  a  very  small  difference  in  the 
degree  of  purification  obtained  in  each  filter. 
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Effluent  of  Ftlter  No.  209. 

[Parts  per  100,000.] 


1»M. 


Jan  .-A  pill,  inclaalre, 


Qnantity 
Applied. 

Oallons 

per  Acre 

DaUt 

for  Bk 

DmvB  ina 

Week. 


100,000 


Tbmpira- 

T17BB. 

Dm.  F. 


I 


46 


s 

0 


48 


I 


.85 


Ammonia. 


.1866 


o 


.0517 


2 
V 


11.01 


NmooxN 

A8 


I 


8.71 


.0168 


i} 


is 


.68 


6,900 


Effluent  of  Filter  No,  211. 


Jan.-Apiil,  InduBive, 


100,000 

46 

48 

.89 

.2690 

.0608 

11.24 

4.34 

.0102 

.64 

6,000 


Effluent  of  Filler  No.  213. 


Jan.-April,  inclaBlye, 


100,000 


46 


48 


.44 


.2198 


.0600 


9.92 


8.61 


.0074 


.66 


6,940 


Filtera  Noa.  226 A,  227 A,  228 A,  239,  240  and  241. 

These  small  filters  were  operated  in  a  contiDaation  of  the  inyestigation 
discussed  on  pages  238-239,  inclasive,  of  the  report  of  the  Board  for  1903. 
Each  filter  was  22A00  ^^  ^^  ^^^^  ^^  sret^.  Filter  No.  226A  was  con- 
structed of  4^  feet  in  depth  of  sterUe  sand.  Filter  No.  227A  was  con- 
structed of  5  feet  in  depth  of  nnsterilized  sand,  but  the  sewage  applied 
was  sterilized  by  heat  daily.  Filter  No.  228A  was  constructed  of  nnster- 
ilized sand.  Filter  No.  239  was  constructed  of  5  feet  in  depth  of  sand 
from  the  surface  of  Filter  No.  1,  Filter  No.  240  of  5  feet  of  sterile  sand, 
the  tank  also  being  sterilized,  and  Filter  No.  241  was  constructed  of  5 
feet  in  depth  of  sand  from  the  surface  of  Filter  No.  1. 

The  results  from  these  filters,  taken  as  a  whole,  were  practically  the 
same  as  the  results  obtained  from  the  similar  series  of  filters  discussed  in 
the  last  report ;  and,  as  the  results  from  Filters  Nos.  226A,  227A  and  228A 
were  practically  the  same  as  the  results  from  Filters  Nos.  226,  227  and  228, 
the  analyses  of  their  effluents  will  not  be  inserted  here. 

Two  filters,  Nos.  239  and  241,  each  constructed  of  surface  sand  from 
Filter  No.  1,  were  operated  as  comparison  experiments,  the  sewage  applied 
to  Filter  No.  239  being  fresh  Lawrence  Street  sewage,  while  that  applied 
to  Filter  No.  241  was  the  ordinary  station  sewage,  containing  a  certain 
portion  of  lime.  The  average  analyses  of  the  effluents  of  these  two  filters 
follow ;  and  it  is  evident  that,  while  oxidation  to  the  stage  of  nitrification 
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did  not  occur  to  any  extent  in  either  filter,  still,  the  removal  of  nitrogenous 
matter  from  the  sand  was  greater  in  the  filter  operated  with  fresh  sewage 
than  in  the  filter  operated  with  sewage  to  which  lime  was  added,  the  free 
ammonia  in  the  efiluent  of  Filter  No.  239  being  nearly  twice  as  great  as 
the  free  ammonia  in  the  eflQuent  of  Filter  No.  241,  and  the  same  can  be  said 
in  regard  to  the  albuminoid  ammonias. 

Effluent  of  Filler  No.  239. 

[Parts  per  100,000.] 


1904. 


Feb.-Jdly,  Inolasiye, 


Quantity 
Applied. 

GalloM 

per  Acre 

Dmily 

for  Biz 

Dart  in  a 

week. 


41,900 


TSMPSBATUEJi. 

Dm.  F. 


59 


I 

S 


61 


AlUIOKIA. 


I 


11.2761 


•2 

Q 


.6106 


.a 

o 


NiTBOOSir 

AS 


• 


.10 


.0008 


1 


I 

M 

o 


o 

JO 

0 

O    . 
.    *« 

M 
ii 

So 


3.08 


440,100 


EffluetU  of  FiUer  No.  241. 


Feb.-Dec.,  inclnBlve,    . 


81,200 


68 


64 


6.6188 


.8866 


14.01* 


.04 


.0089 


2.43 


108,400 


*  ATerage  for  Ave  xnonlhB. 


Purification  of  Wool  Liquor. 
FiUer  No.  232. 

This  small  filter,  ggAoo  ^^  ^^  ^^^®  ^°  ^^^^>  ^^  constraoted  of  4^  feet 
in  depth  of  sand  of  an  effective  size  of  0.27  millimeter.  It  was  flooded 
with  the  waste  liqaor  from  scouring  wool  after  the  wool  had  first  been 
treated  by  the  naphtha  process  for  removing  grease.  The  filter  was  pntinto 
operation  in  January,  and  its  use  continued  throughout  the  year.  Nitrifica- 
tion became  active  after  a  short  period  of  operation,  and  finally  the  nitrates 
in  the  efiluent  were  practically  20  parts  per  100,000.  Even  with  this 
high  nitrification,  however,  the  albuminoid  ammonia  was  more  than  5  parts 
per  100,000.  Nitrification  continued  good  for  a  number  of  months.  At  the 
end  of  this  time,  an  attempt  was  made  to  improve  the  work  of  the  filter 
by  reducing  the  alkalinity  of  the  applied  waste  by  the  addition  of  sulphuric 
acid.  This  was  not  added  in  sufficient  amounts  to  make  the  waste  acid, 
but  nevertheless  nitrification  in  the  filter  decreased  rapidly  soon  after  it 
began  to  be  used.  The  filter  is  remarkable  in  that  it  is  the  first  one 
operated  with  wool  liquor  at  the  station  in  which  nitrification  has  ever 
occurred  without  the  addition  of  sewage  to  the  waste  before  filtration. 
The  average  analysis  of  the  effluent  follows,  together  with  an  average 
analysis  of  the  wool  waste. 
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Average  Analyiis  of  the  Applied  Liquor  and  Effluent  of  Filter  No.  232. 

[Parts  per  lOO.OOO.J 


Quantity 
Applied. 

Gallona 

per  Acre 

Daily 

for  Six 

D^sina 

Week. 

Tbmpbea- 

Ammonia. 

• 

1 

1 

59.26 
60.80 

NrrmooBN 

• 

Dm.  F. 

1 

1 

ALBUMINOID. 

AS 

1 

1»M. 

• 

■ 

1 

• 

• 

1 

• 

1 

Oxygen  Con 

Applied  wool  waste,  . 
Effluent,  Filter  No.  282, 

12,300 

1 

64 

64 

31.9S 
2.80 

16.07 
6.17 

14.46 

0.81 
12.24 

.0000 
.0074 

206 
71 
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FILTEATION  OF  WATER 


A  namber  of  water  filters  have  been  in  operation  during  the  year,  and 
the  following  subjects  have  been  studied  :  ( 1 )  work  of  the  Lawrence  city 
filter;  (2)  sand  filtration  with  the  addition  of  copper  sulphate  to  water 
before  filtration;  (3)  rapid  filtration  with  the  use  of  aluminum  sulphate  as 
a  coagulant ;  (4)  re-filtration  through  a  sand  filter  of  the  effluent  of  the 
alum  filter ;  (5)  double  sand  filtration ;  and  (6)  germicidal  effect  of  alu- 
minum sulphate. 

Lawrence  City  Filter. 

The  Lawrence  city  filter  is  2.5  acres  in  area.  It  was  constructed  during 
1893,  and  dividing  walls  separating  it  into  three  sections  were  built  duriog 
1902.  The  following  tables  present  the  average  chemical  and  bacterial 
analyses  of  many  samples  of  the  Merrimack  River  water  as  it  flows  upon 
the  filter,  and  of  the  efifluent  of  the  filter  collected  at  different  points  upon 
the  supply  system. 

It  will  be  seen  by  the  average  analyses  that  the  filter  removed  99.5  per 
cent,  of  the  bacteria  in  the  river  water  applied  to  it,  and  that,  whereas  all 
the  samples  of  the  applied  river  water  contained  B.  coli  in  numbers  vary- 
ing in  different  months  from  12  to  129  per  cubic  centimeter,  only  8.0  per 
cent,  of  the  one  cubic  centimeter  samples  of  the  efiflucnt  of  the  filter  con- 
tained this  germ,  and  the  number  decreased  as  the  water  passed  through 
the  system  to  its  consumers.  It  will  also  be  noticed  that  the  organic  mat- 
ter of  the  river  water  determined  as  albuminoid  ammonia  was  decreased  50 

per  cent,  by  filtration. 

Chemical  Analyses. 

Merrimack  River. 

Intake  of  the  Lawrence  City  Filter, 
L  Parts  per  100,000.] 


Temperature. 
Degrees  F. 

1 
Appbaranob. 

Ammonia. 

.82 

NlTROOBN 
A8 

■1 

o 

1904. 

• 

i 

1 

• 

o 

• 

ALBUMINOID.! 

Nitrates. 

m 

6 

In 
Solution. 

Nitrites. 

1 

s 

S 

Averaj^i    .... 

51 

0.1— 

.89 

.0126 

.0216 

.0176 

.016    .OOOSj 

M 

1.7 
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Merrimeuik  Siver  —  Coacludcd. 

Effluent  of  the  Lawrence  City  Filter. 
[Parts  p«r  100,000.] 


Temperature. 
Degrees  F. 

Appkaramcs. 

1 

AMMOmA. 

.   1 

!■ 

U    1 
.88 

NiTEOOBlf 
AS 

Oxygen  Consumed. 

1904. 

Turbidity. 

m 

1 

1 

ALBUMUrOID. 

1 

1^ 

Nitrites. 

* 

1 

In 
Solution. 

■ 

Average,    .       .       .       .  ,         62 

;o.x- 

.44 

.0125 

.0002 

.0086 

1 

.040    .0000 

.87 

1 

2.1 

Water  from  the  Outlet  of  the  Distributing  Reservoir, 


Average, 


62 


0.1- 

.38 

.0068 

.0093 

.0081 

.82 

.042 

I 
.0001 

.32 

2.0 


Water  from  a  Tap  at  Lawrence  City  Hall. 


Average, 


54 


0.1— 

.37 

.0040 

.0089 

- 

1 
,.84 

.044 

.0000 

.82 

2.0 


Water  from  a  Tap  at  Lawrence  Experiment  Station. 


Average, 


62 


0 

1 

.83 

.0080 

.007« 

1 

.82  ^.042- 
11          ii 

.0000 

.30 

2.0 


Merrimack  River  as  it  flows  upon  Lawrence  City  Filler. 

[Average  of  Bacterial  Analyses.] 


1904. 


Average 

Number  of 

Bacteria 

per  c.c. 


Number  of 
Samples 

tested  for 
B.  Coll. 


Average 

Number  of 

B.  Coll 

per  CO. 


Per  Cent,  of 
Samples 

containing 
B.  Coll. 


January, 
February, 
March,    . 
April,     . 
May, 
Jane, 
July, 
August,  . 
September, 
October, . 
"November, 
December, 

Average, 

Total, 


lu.ioo 

7,200 

4.000 

2,700 

3,100 

5,600 

8,000 

3,500 

1<J,400 

5,600 

15,600 

17,900 


8,600 


26 
24 

27 
3 
4 
6 
4 
6 
4 
6 
19 
26 


151 


62 

61 
23 
12 
53 
70 

125 
34 

129 
93 

110 

115 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
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Effluent  of  Lawrence  Oily  Filter. 
[Arerage  of  Bacterial  Analyaes.] 


Avenige 

Number  of 

BaoterU 

per  0.0. 

Per  Gent. 

removed 

(Efficiency). 

NUMBHB  OF  BAMTLBS 
TBSTBD  FOB  B.   COLI. 

Pbr  Cbnt.  op  Bamflu 
comtatmiro  b.  colx. 

190«« 

1  CO. 

!••  CO. 

1  0.0. 

!••  0.0. 

January, 

70 

99.S 

26 

26 

4.0 

48.0 

February, 

S5 

99.2 

24 

24 

12.6 

88.0 

March,    . 

83 

99.2 

27 

27 

0.0 

44.6 

April,     . 

20 

00.8 

4 

4 

0.0 

26.0 

May,       .       . 

16 

99.6 

4 

4 

0.0 

26.0 

June, 

22 

99.6 

6 

6 

0.0 

60.0 

July,      . 

11 

99.9 

4 

4 

26.0 

26.0 

August, . 

U 

99.6 

6 

6 

40.0 

0.0 

8eptem1)er,    . 

16 

99.9 

4 

4 

0.0 

60.0 

October, . 

26 

99.6 

6 

6 

0.0 

20.0 

November, 

90 

99.4 

19 

19 

10.6 

86.8 

December, 

76 

99.6 

26 

26 

4.0 

28.0 

Average, . 

87 

99.6 

- 

- 

8.0 

38.4 

Total, 

■• 

- 

161 

161 

- 

- 

Water  from  the  OtUlet  of  the  Lawrence  Reservoir. 


January, 

60 

99.4 

26 

26 

4.0 

28.0 

February, 

00 

99.2 

24 

24 

4.0 

60.0 

March,    . 

80 

98.0 

26 

26 

8.8 

64.0 

April,     . 

48 

98.2 

4 

0.0 

96.0 

May,       . 

86 

98.9 

4 

0.0 

0.0 

June, 

29 

99.6 

5 

0.0 

0.0 

July.       . 

18 

99.8 

4 

0.0 

0.0 

August,  . 

28 

99.4 

6 

20.0 

0.0 

September,    . 

22 

99.9 

4 

0.0 

26.0 

October, . 

00 

06.9 

6 

0.0 

0.0 

November, 

80 

99.8 

19 

19 

6.8 

10.6 

December, 

87 

99.8 

26 

26 

0.0 

42.0 

Average, 

42 

99.2 

- 

- 

8.1 

19.6 

Total. 

- 

- 

161 

161 

- 

- 

No.  34.] 


FILTRATION  OF   WATER. 


281 


Water  from  a  Tap  at  Lawrence  OUy  RaU. 

[Average  of  Bacterial  Analyses.] 


■m^LM^  i. 

1 

Avenge 

Number  of 

Bacteria 

per  CO. 

Per  Cent. 

remoyed 

(SfBoiency). 

NUM BBH  OF  SAMPLM 
TI8TSO  FOB  B.   COLI. 

Pbb  Ckkt.  OP  Samplis 

CONTAININO  B.    GOLI. 

lIKIfc* 

1  CO. 

100  CO. 

1  cc 

100  cc. 

January, 

65 

99.4 

26 

25 

0.0 

32.0 

Febrnary, 

86 

99.5 

24 

24 

8.3 

88.0 

March,    . 

46 

98.9 

27 

27 

0.0 

41.0 

Aprtl,     . 

57 

97.9 

4 

4 

0.0 

0.0 

May, 

24 

99.1 

4 

4 

0.0 

25.0 

Jane, 

44 

99.2 

6 

6 

0.0 

0.0 

July,       .       . 

35 

99.6 

4 

4 

25.0 

25.0 

August,  . 

185 

96.2 

4 

4 

0.0 

0.0 

September, 

45 

99.8 

4 

4 

0.0 

0.0 

October, 

60 

98.9 

6 

5 

0.0 

20.0 

Noyember, 

43 

99.7 

19 

19 

10.6 

0.0 

December, 

65 

99.6 

26 

26 

0.0 

23.0 

Ayerage, . 

56 

99.0 

- 

- 

8.6 

17.0 

Total, 

- 

- 

161 

151 

- 

- 

Lawrence  City  Water  from  a  Tap  at  the  Experiment  Station, 


January, 

46 

99.5 

26 

26 

0.0 

80.8 

February, 

28 

99.6 

24 

24 

4.0 

21.0 

March,    . 

28 

99.8 

27 

27 

0.0 

62.0 

April,     . 

70 

97.4 

24 

24 

4.2 

29.1 

May, 

80 

99.0 

25 

26 

0.0 

28.0 

June, 

81 

99.5 

25 

26 

0.0 

90.0 

July,      . 

18 

99.8 

25 

25 

8.0 

12.0 

AUgUBt,  . 

88 

98.9 

27 

27 

8.7 

14.8 

September, 

24 

99.9 

26 

26 

0.0 

20.0 

October, 

81 

99.4 

26 

26 

0.0 

80.7 

Noyember, 

81 

99.8 

26 

26 

0.0 

8.0 

December, 

50 

99.7 

26 

26 

0.0 

19.2 

Ayerage, . 

86 

99.8 

- 

- 

1.7 

23.8 

Total, 

- 

- 

806 

806 

- 

- 
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Sand  Filtration  with  Addition  of  Copper  Sulphate. 

Filter  No.  8 A. 

Filter  No.  8A,  ^^  of  an  acre  in  area,  was  first  put  into  operation  dur- 
ing 1893.  During  1904,  this  filter  contained  about  80  inches  in  depth  of 
sand  of  an  effective  size  of  0.23  millimeter.  The  average  rate  of  operation 
during  the  year  has  been  3,827,000  gallons  per  acre  daily.  The  filter  has 
been  scraped  eighteen  times,  and  after  scraping  has  been  filled  with  filtered 
water  from  below.  Beginning  May  17,  copper  sulphate  was  introduced 
into  the  water  applied  to  this  filter,  the  proportion  being  1  part  of  copper 
sulphate  in  1,130,000  parts  of  water.  This  treatment  was  followed  through- 
out the  year,  the  proportion  of  copper  sulphate  increasing  quite  steadily, 
until  at  the  end  of  the  year  the  amount  used  was  1  part  in  578,000  parts  of 
water.  A  following  table  shows  the  amount  used  throughout  each  month 
of  the  year.  Applying  the  copper  sulphate  in  this  way,  it  remained  in  the 
water  above  the  sand  for  periods  varying  from  five  hours  and  one-quarter 
to  a  little  more  than  eight  hours,  the  difference  being  due  to  the  differing 
rate  of  operation  of  the  filter,  this  rate  varying  from  4,300,000  gallons  per 
acre  daily  in  May  to  2,800,000  gallons  per  acre  daily  in  December.  Besides 
the  preliminary  period  for  germicidal  action  of  copper  sulphate  in  the  water, 
while  the  water  remained  over  the  sand  in  the  filter,  there  was  an  additional 
period,  due  to  the  time  of  passage  of  the  water  through  the  filter,  about 
equal  to  the  time  that  the  water  remained  above  the  sand.  Much  copper 
was  removed  during  filtration,  however,  as  shown  by  a  following  table. 
Another  table  gives  the  rate  of  operation  from  month  to  month,  and  the 
time  in  hours  and  minutes  of  the  storage  of  water  above  the  filter  sand. 

During  the  year,  determinations  of  the  number  of  bacteria  and  B.  coli  in 
the  water  applied  to  and  in  the  effluent  from  this  filter  were  made.  Deter- 
minations were  made  also  during  the  months  of  September,  October,  Novem- 
ber and  December  of  the  bacteria  and  B.  coli  in  the  water  after  passing  to 
the  filter,  but  before  reachiug  the  surface  sand.  Tables  showing  these  results 
follow.  Studying  these  tables,  it  will  be  noticed  that  the  copper  sulphate 
lessened  the  number  of  bacteria  in  the  water  to  a  considerable  extent  before 
reaching  the  surface  sand  of  the  filter,  and  that  the  B.  coli  were  exter- 
minated to  some  extent,  98  per  cent,  of  the  samples  of  the  water  before 
introduction  of  copper  sulphate,  and  86.8  per  cent,  of  the  samples  of  water 
taken  from  the  tank,  showing  its  presence. 

Studying  the  tables  showing  the  bacteria  and  B.  coli  in  the  efiluent  of 
this  filter,  it  will  be  noticed  that  of  the  1  cubic  centimeter  samples  exam- 
ined for  B.  coli,  26.4  per  cent.,  and  of  the  100  cubic  centimeter  samples 
examined,  46.5  per  cent.,  showed  its  presence,  these  figures  being  for  only 
the  period  during  which  copper  sulphate  was  added.     These  results  show 
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a  poorer  B.  coH  efficiency  [luring  1904  than  during  1903,  wben  copper 
Bolpbate  was  DOt  naed.  Daring  that  year,  B.  coli  waa  found  in  12.6  per 
cent,  of  the  1  cubic  centimeter  BRmples  and  in  37.4  percent,  of  the  100 
cubic  centimeter  samples  that  were  tested.  The  poorer  efficiency  wben 
uaing  copper  snlpb&te  vas  probably  due  to  the  deiitruction  by  this  germicide 
of  many  of  the  bacteria  in  the  aand  which  aid  in  tbe  elimioation  of  such 
bacteria  as  B.  coli  from  tbe  water.    Tables  ebowing  all  these  results  follow. 


Canal  Water.  - 


■  Merrimach  River  Water. 

irta  per  100,000.] 
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Effluent  of  FilUr  No.  8A. 

[Farta  per  100,000.] 
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Todte  showing  Amount  of  Copper  Sulphate  applied  to  Water,  and  Time  of  Storage 

of  Water  above  Sand  in  Filter  No.  8 A. 


Actual 

Yohune  of 

Water 

Filtered 

DaUy. 

COPPUt  BUXJ>HATS. 

Rate 

(Gallons 

per  Acre 

Daily). 

Stobaob. 

1»04. 

Parts 
M^on. 

One  Part 

in  Parts  of 

Water. 

Hours. 

Minutes. 

May, 

June,  ,    . 
July, 

August,    . 
September, 
October,  . 
Noyember, 
I>ecember, 

26,000 
20,400 
21,700 
20,800 
23,400 
90,800 
18,400 
18,900 

0.88 
1.11 
1.06 
1.17 
1.04 
1.16 
1.80 
1.78 

1,180,000 
900,000 
948,000 
866,000 
962,000 
870,000 
769,000 
678,000 

4,800,000 
4,100,000 
4,800,000 
4,100,000 
4,700,000 
4,200,000 
8,700,000 
2,800,000 

6 
6 
6 
6 
4 
6 
6 
8 

18 
84 
18 
84 
62 
26 
10 
8 

Inches. 
Sand, 80 

Underdndns, 6 

Water  above  sand, 17 

Gallons. 
Water  above  sand, 2,800 

Water  in  sand, 2,000 

Water  in  underdrains 600 

Water  in  tank, 4,800 


Chpper  in  Applied  Water  and  Effluent  of  Filler  No.  8 A,  as  determined  by 

Analyses, 


Source  of 
Sample. 

GOPPSB. 

GU8O4+6H3O. 

Quantity 

Dats 

Grains 

per 
Gallon. 

ParU 

per 

100,000. 

Grains 
1    per 
Gallon. 

Parte 

loMoo. 

Equivalent  of 

(Liters). 

CU8O4. 

Aug.   12,  . 
Sept.  16,  . 
Oct.     26,  . 
Nov.     9, . 

Sept.  16,  . 
Oct.     26,  . 

Applied  water. 
Applied  water, 
Applied  water. 
Applied  water. 

Effluent,  . 
Effluent,  . 

.00267 
.01664 
.04928 
.029U5 

.00856 
.00292 

.00440 
.02667 
.08444 
.05000 

.00611 
.00500 

.01007 
.06106 
.18827 
.11444 

.01399 
.01144 

.01727 
.10471 
.38161 
.19680 

.02399 
.01968 

26 
18 
18 
19 

18 
18 

Mil. 
1  part  in  6.80 

1  part  in  0.96 

1  part  in  0.80 

1  part  in  0.61 

1  part  in  4.10 
1  part  in  6.10 
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Merrimack  River  Water  applied  to  ExperimetUal  PiUera. 

[Avenge  of  Bacterial  Anslyaes.] 


1»04. 

Arerage 

Number  of 

Bacteria 

per  c.c. 

Number  of 
Samples 

tested  for 
B.  GoU. 

Average 

Number  of 

B.  CoU 

per  CO. 

Per  Gent,  of 
Samples 

containing 
B.  Coll. 

January 

February,      

March 

April 

May, 

June 

Jiiy» , 

AuguBt, 

September, 

October, 

November, 

December 

3,800 
8,700 
3,500 
1,600 
2,600 

15,100 
4,400 
6,000 

13,800 
4,200 
7,800 

11,200 

18 
18 
15 
18 
28 
25 
25 
27 
24 
26 
24 
26 

.36 

89 

18 

8 

21 

141 

102 

«6 

121 

42 

67 

42 

100.0 
94.5 

100.0 
94.5 

100.0 

100. 0 

100.0 
•  100.0 

100.0 
92.0 
96.0 

100.0 

Average 

Total 

6,400 

268 

60 

96.1 

Applied  Water  containing  Capper  Sulphate.  —  Fitter  No.  8 A, 


September, 
October,. 
November, 
December, 

Average, 

Total, 


7,700 
2,800 
2,600 
2,800 


3,700 


11 
12 
12 
10 


45 


82 
14 
26 
87 


27 


68.6 

88.6 

100.0 

100.0 


86>8 


Effluent  of  Filler  No.  8 A. 
[Average  of  Bacterial  Analyses.] 


1»04. 

Average 

Number  of 

Bacter^ 

per  CO. 

Per  Cent. 

removed 

(Efficiency). 

NUMBBR  OF  SAMPLIS 
TI8TBD  POB  B.   GOLI. 

Per  Cbnt.  op  Samplbs 
containivo  b.  coli. 

1  C.C. 

100  cc 

1  c.c. 

100  cc 

January, 
February, 

March 

April,     .... 

May 

June 

July.       .... 
Auffust  .... 
fieiuember, 
October, 
November,     . 
December,     . 

80 

110 

150 

48 

47 

60 

80 

26 

160 

70 

140 

300 

98.0 
97.0 
95.7 
97.8 
98.2 
99.6 
99*8 
99.5 
98.0 
96.9 
94.6 
87.0 

18 

28 
24 
16 
11 
12 
12 
10 

18 
23 
24 
15 
11 
12 
12 
10 

15T4 

8.7 
12.5 
13.8 
18.2 
25.0 
68.8 
60.0 

46.2 
90.4 
68.7 
13.8 
46.4 
41.6 
58.8 
70.0 

Average, . 
Total, 

100 

96.8 

1 

120 

120 

26.4 

46.5 
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Rapid  Filtration  with  Sulphate  of  Alumina  as  a  Coaqulant. 

Filter  No.  216. 

In  1903,  (in  experiment  in  filtering  Merrimack  River  water  at  a  high  rate 
with  the  aid  of  sulphate  of  alumina  as  a  coagulant  was  begun,  the  water 
after  receiving  the  coagulant  having  a  period  of  sedimentation  before  going 
to  the  filter.  The  filter  used  has  been  called  Filter  No.  216,  and  is  a  wooden 
tank  28  inches  in  diameter  or  approximately  Tifhn^  ^^  ^^  ^^®  ^°  area,  con- 
taining sand  of  an  effective  size  of  0.60  millimeter.  The  filter  was  con- 
structed as  follows :  About  1  inch  above  the  bottom  of  the  wooden  tank 
was  placed  a  perforated  galvanized  iron  strainer  held  upon  supports ;  above 
this  was  arranged  6  inches  in  depth  of  gravel  underdrains,  and  above  these 
underdrains  2.5  feet  in  depth  of  sand.  Before  coming  to  the  filter,  the 
water  passed  through  a  settling  tank  of  such  capacity  that,  when  the  filter 
was  operating  at  a  rate  of  50,000,000  gallons  per  acre  daily,  about  one 
hour's  sedimentation  was  obtained.  The  coagulant  is  added  as  the  water 
enters  the  settling  basin. 

During  1904,  this  filter  was  operated  as  a  preliminary  filter;  that  is,  the 
water,  after  treatment  with  the  coagulant,  sedimentation  and  filtration 
through  this  filter,  was  passed  to  a  plain  sand  filter.  Filter  No.  216  was 
operated  at  an  average  rate  of  41,000,000  gallons  per  acre  daily,  the  inten- 
tion being  to  operate  it  as  near  40,000,000  gallons  per  acre  daily  as  pos- 
sible. During  a  large  part  of  the  year,  the  amount  of  coagulant  used 
averaged  1^  grains  per  gallon  of  water  filtered.  The  average  bacterial 
efficiency  by  coagulation  and  filtration  through  Filter  No.  216  during  the 
year  was  90.6  per  cent.  With  greater  care,  finer  sand  in  the  filter,  and  the 
use  of  a  somewhat  larger  amount  of  coagulant,  etc.,  a  much  greater  effi- 
ciency could  have  been  obtained,  as  shown  by  the  results  given  by  the 
filter  during  1903  and  published  in  the  report  of  the  Board  for  that  year. 
As  stated,  however,  the  object  during  1904  was  to  use  this  filter  as  a  pre- 
liminary filter  or  strainer,  and  to  learn  something  in  regard  to  its  efficiency 
when  run  with  a  minimum  amount  of  attention,  such  as  it  would  receive  in 
ordinary  factory  or  mill  work,  and  placing  dependence  for  final  bacterial 
efficiency  upon  a  secondary  filter.  The  following  tables  show  the  results 
of  chemical  and  bacterial  analyses  of  the  effluent  of  this  filter  and  of  the 
water  after  coagulation  and  sedimentation  before  passing  to  the  filter. 
The  B.  coli  efficiency  of  the  filter  was  much  better,  comparatively  speak- 
ing, than  its  bacterial  efficiency,  B.  coli  being  found  in  only  17.8  per  cent, 
of  the  1  cubic  centimeter  samples  and  in  16.6  per  cent,  of  the  100  cubic 
centimeter  samples  examined. 
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Effluent  of  Filter  No.  216. 
[Parts  per  100,000.] 


Quantity 
Applied. 

1 

1 

Appbabakck.  ' 

Ammokia. 

1 

1 

NrrBOOBN  . 

AS 

1 

i  . 

Gallons 

Tempera- 

a 

i 

§ 

^? 

1M4I. 

per  Acre 

ture. 

• 

o 

• 

o 

t3® 

1 

• 

DaUy 

forSLc 

Days  in  a 

Week. 

Deg.  F. 

• 

1 

• 

i 

1 

< 

.0076 

1 

s 

1 

1 

M 

o 

^1 

Average, 

40,891,000 

62 

.07 

.12 

.0110 

.80 

.019 

.0002 

.20 

83.0 

0.8 

Applied  WaUr,^  Filter  No,  216. 
[Average  of  Bacterial  AnalyseB.] 


1904. 


Average 

Number  of 

Bacteria 

per  c.c. 


Number  of 
Samples 

tested  for 
B.  Coli. 


Average 

Number  of 

B.  CoU 

per  c.c. 


Per  Cent,  of 
Samples 

oontaming 
B.  Goli. 


January, 
February, 
Marcb, 
April,     . 
May, 
June, 
July.       . 
August.  . 
September, 
October, . 
November, 
December, 

Average, 

Total, 


1,900 
8,000 
2,400 
700 
600 
9,400 
3,400 
2,-00 
8,100 
2,600 
4,900 
6,700 


3,900 


18 
16 
10 
16 
17 
26 
24 
26 
26 
26 
26 
26 


263 


7 

6 

1 

8 

11 

59 

170 

47 

18 

24 

16 

84 


82 


66.7 

81.2 

80.0 

68.3 

100.0 

100.0 

100.0 

96.0 

96.0 

96.0 

100.0 

96.0 


84.U 


Filler  No.  216. —  Table  showing  Removal  of  Bacteria  by  SedimerUaiion,  Fillra- 

lion  and  Total  Removal. 


AVKBAOB  NUMBBB  OV  BaCTBBIA   IN 

Pbb  Cbmt.  op  Bactbbia 

BBMOVBD  BT  — 

l—4» 

Canal 
Water. 

1 

Coagulation 
uad  Sedi- 
mentation. 

The 
FDter. 

The 
System. 

January,  . 
February, . 
March, 
April, 

Miy..      ■ 

June, 

July, . 

August, 

September 

October, 

November, 

December, 

> 

8,800 
8,700 
8,600 
1,600 
3,600 

16,100 
4,400 
6,000 

18,800 
4,200 
7,800 

11,200 

1,900 
8,000 
8,400 
700 
600 
9,400 
8,400 
8,700 
8,100 
8,600 
4,900 
6,700 

166 

660 

860 

180 

426 

1,40U 

196 

170 

850 

450 

1,100 

1,300 

50.0 
18.9 
31.4 
56.2 
77.0 
87.7 
22.7 
46.0 
41.4 
88.0 
87.2 
40.2 

92.0 
81.6 
86.4 
74.8 
28.1 
85.1 
94.8 
98.S 
89.4 
82.7 
77.6 
80.6 

95.9 
86.8 
90.0 
88.8 
88.7 
90.7 
96.6 
96.6 
98.9 
89.8 
85.9 
88.4 

Averaf 

fe. 

•       . 

6,400 

8,900 

600 

89.0 

84.6 

90.6 
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Effluent  nf  Filler  No.  216. 
[Average  of  Bncterlnl  Aoalyaes.] 


Average 
Number  of 

• 

Per  Cent. 

remoyed 

(EiBciency). 

NuMBSB  oy  Samplis  tbstbd 
yoB  B.  CoLi. 

Fbb  Cbmt.  of  Bamplbb 

COMTAIiriHO  B.   COLI. 

Bftcteria 
per  c.c. 

1  c.c. 

100  c.c. 

1  c.c. 

100  c.c. 

600 

84.6 

263 

2.'» 

17.8 

16.6 

Sulphate  of  Alumina  as  a  Germicide. 

In  this  connection,  experiments  were  made  to  show  the  germicidal  effect 
of  sulphate  of  alumina,  and  results  of  one  experiment  are  shown  in  a  fol- 
lowing table.  In  this  experiment,  five  separate  volumes  of  water  were 
taken.  To  the  first,  no  sulphate  of  alumina  was  added ;  to  the  second,  0.5 
grain;  to  the  third,  1  grain;  to  the  fourth,  1.5  grains  and  to  the  fifth,  2 
grains.  Bacterial  determinations  of  the  numbers  of  bacteria  present  in  the 
entire  sample  and  in  the  supernatant  water  only  were  made  daily.  Deter- 
minations of  B.  coli  in  the  entire  sample  and  in  the  supernatant  water  only 
were  also  made.  Studying  the  tables,  it  will  be  seen  that  the  effect  of 
sulphate  of  alumina  as  a  germicide  is  plainly  shown,  especially  with  the 
higher  amounts  taken,  and  more  clearly  by  its  effect  upon  B.  coli  than 
upon  the  total  number  of  bacteria  present. 


Table  showing  OermicidcU  Effect  of  Sulphate  of  Alumina, 
Bacteria  per  Cubic  Centimeter,  —  Entire  Sample* 


Elapsbd  Timb. 


SULPHATB  OP  ALUMIVA,   ZM  OBAIHB  PBB  OALLON. 


0. 


0.5. 


1.0. 


1.5. 


».o. 


start, 

1  day. 

2  days, 

8  days, 
5  days, 
7  days, 

9  days, 
11  days, 


1,450 

176,400 

3-21,950 

4:iO,000 

1-29,000 

7,700 

15,000 

16,500 


1,450 

4,900 

650 

11,200 

25,800 

8,200 

1,600 

18,500 


1,450 

8,200 

290 

11,400 

4,600 

40,000 

26,S(iO 

80,600 


1,450 

800 

110 

1,060 

1,700 

6,900 

800 

41,400 


1,460 

1,900 

126 

156 

200 

76,600 

255 

28,200 


Bacteria  per  Cubic  Centimeter.  —  Supernatant  Water  Only* 


Start, 
Iday, 

2  days, 

3  days, 

6  days, 

7  days, 
9  days, 

11  days, 


1,450 

1,450 

1,450 

1,460 

21,500 

2,150 

1,600 

1,160 

85,000 

870 

900 

88 

57,000 

5,000 

21,250 

8,800 

24,000 

3,600 

35,850 

7,900 

8,000 

8,000 

87,800 

7,700 

2,200 

1,000 

1,500 

11,600 

2,600 

1,750 

8,250 

1,100 

1.460 

2,000 

166 

82 

660 

600 

6 

4,600 
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Tcible  showing  Germicidal  Effect  of  Sulphate  of  Alumina  —  CoDoladed. 

B.  Caliper  Cubic  Centimeter.  —  Entire  Sample, 


Elapsbd  Timb. 


Sui^HATB  or  Aldmiha,  nr  Oraihs  psb  Oallon. 


0. 

0.5. 

!.•• 

1.5. 

86 

1 

. 

6 

0 

0 

0 

95 

11 

20 

0 

66 

1 

16 

0 

20 

0 

0 

22 

26 

0 

0 

0 

11 

86 

68 

40 

0 

0 

0 

21 

Start, 

2  days, 

3  days, 

6  days, 

7  days, 
9  days, 

11  days, 


0 
26 
0 
0 
0 
114 
0 


B.  Coli  per  Cubic  Centimeter,  - 

-Supernatant  Water  Only, 

Stan, 

^ 

^ 

^ 

^ 

, 

1  day,     . 

23 

0 

1 

8 

0 

2  days,   . 

16 

0 

2 

4 

2 

8  days, 

16 

0 

1 

1 

1 

5  days,   . 

0 

0 

1 

0 

0 

7  days, 

2 

1 

0 

0 

0 

9  days,   . 

4 

4 

1 

0 

0 

11  days, 

0 

4 

2 

0 

0 

Growth  of  Bacteria  in  Filtered  Water. 

Various  experiments  have  been  made  to  determine  the  rapidity  of  growth 
of  bacteria  in  the  efflaents  of  filters  operating  by  different  methods.  The 
results  of  two  of  these  experiments  follow,  and  show  clearly  the  exceed- 
ingly rapid  growth  of  bacteria  in  the  effluent  of  Filter  No.  8  A,  receiving 
copper  sulphate,  as  compared  with  the  rapidity  of  growth  in  the  effluent 
from  plain  sand  filtration  (Filter  No.  220),  and  filtration  with  the  aid  of 
aluminum  sulphate  as  a  coagulant  (Filter  No.  216). 

Table  showing  the  Change  on  Standing  in  the  Bacterial  Contents  of  the  Effluents  of 
Mechanical  Filter  No  216,  Slow  Sand  Filter  No.  220  and  Filter  No  8 A, 
purifying  Copper-treated  Water, 


EXPBBUfBVT  No.   160,   BTABTBD 

Mat  19,  1904. 

EZPBRIMBKT  No.   162,  BTARTBD 

Mat  31,  1904. 

Elapsbd  Timb. 

BVPLUBITT  OF   FILTBB  — 

BFPLUBNT  OP  WTLTMB. — 

No.  8A. 

No.  216. 

No.  220. 

No.  8A. 

No.  216. 

No.  220. 

Start,  . 

2  days, 
8  days, 
4  days, 
6  days, 

6  days, 

7  days, 

8  days, 
10  days, 
18  days, 

148 

36,000 
31,100 
24,200 

15,600 

9,800 

142 
70 
88 
82 

26 

26 

5 

370 

3,100 

1,098 

2,000 

800 

8 

416 

8,900 

26,700 

26,000 

16,600 

1,600 

400 

10,300 

66 
16 
6 
11 
14 

200 

60 

37 

180 

10 
4 

8 
27 
26 

28 

12 
11 

7 
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Double  Filtration.  —  FiUer  No.  243  {Supplementary  to  Filter  No.  216). 

This  filter,  ^oioo  ^^  ^^  ^^^^  ^^  area,  and  containing  2^  feet  in  depth  of 
sand  of  an  effective  size  of  0.26  millimeter,  was  put  into  operation  early  in 
1904,  and  after  a  preliminary  period  of  operation  with  river  water,  in  order 
to  coat  the  sand  grains  with  organic  matter,  bacteria,  etc.,  —  the  period  of 
so-called  biological  construction,  —  began  to  be  operated  with  the  efflaent 
of  Filter  No.  216,  and  at  an  average  rate  of  6,176,000  gallons  per  acre 
daily.  Tables  giving  the  results  of  the  chemical  and  bacterial  analyses 
follow.  The  effiuent  of  Filter  No.  216  contained,  daring  a  period  from 
June  15  to  December  31,  throughout  which  its  efflaent  was  applied  to  Filter 
No.  243,  677  bacteria  per  cubic  centimeter,  and  the  effluent  of  Filter  No. 
243  contained  50  bacteria  per  cubic  centimeter,  a  reduction  of  74  per  cent. 
Removal  of  B.  coli  was  little  improved  by  Filter  No.  243  above  that  by 
Filter  No.  216. 

Effluent  of  Filler  No.  243. 

[Parts  per  100,000.] 


1904. 


July. 

August, . 

September, 

October, 

November, 

December, 

Average, 


Quantity 
Applied. 

Oalkms 

per  Acre 

DaUy 

forSk 

Days  in  a 

week. 


Tempera- 
ture. 

Deg.  F. 


4  808,800 
4,475,600 
7,417,«00 
6,(189,000 
7,065,500 
7,707,000 


6,176,888 


74 
78 
65 
66 
44 
86 


58 


Appbarancb. 


2 

I 


0 

0 
0.1— 

0 

0.1— 
0.1— 


u 
o 


.18 
.16 
.15 
.20 
.22 
.14 


.17 


Ammonii.. 


.0006 
.0030 
.0010 
.0058 
.0110 
.0166 


.0068 


.0090 
.0088 
.0100 
.UOM 
.0102 
.0117 


.0095 


.18 
.8i) 
.85 
.26 
.82 
.85 


.81 


NrrBOOBf 

AS 


.020 
.025 
.081 
.025 
.019 
.025 


.034 


I 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.0000 


1 


s 

M 

o 


.24 
.26 
.28 
.48 
.88 
.47 


.88 


i  . 
fig 

M 

P4 


61.6 
56.0 
52.8 
78.8 
98.2 


67.2 


0.9 
1.1 
1.0 
1.8 
0.9 
1.5 


1.1 


EffluetU  of  FiUer  No.  243. 
[Average  of  Bacterial  Analyses.] 


1904. 

Average 

Number  of 

Bacteria 

per  c.c. 

Per  Gent. 

removed 

(Efficiency). 

NUMBSR  OF  SaWLIS 
TXSTBD  FOR  B.   CoLI. 

Pbb  Gkkt.  of  BAMPLas 
coKTADriKo  B.  Coli. 

1  C.C. 

100  C.C. 

1  CO. 

100  CO. 

July,       .... 
August,  .... 
September,    . 
October, .... 
November, 
December, 

34 
70 
88 
60 
55 
50 

82.6 
59.0 
96.1 
86.4 
95.0 
96.1 

23 

26 
25 
26 
25 
26 

23 
26 
25 
26 
25 
26 

80.4 
11.5 
12.0 
11.5 
0.0 
8.8 

89.0 
11.5 
24.0 
15.4 
0.0 
8.8 

Ayerage, . 
Total, 

50 

85.9 

151 

151 

11.5 

15.6 
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Filters  Noa.  218,  219  and  220. 

In  July,  1903,  these  three  filters  were  put  into  operation  for  the  purpose 
of  studying  the  chemical  and  bacterial  quality  of  the  effluents  resulting  from 
filtering  waters  of  three  different  degrees  of  pollution.  It  is  also  in  part 
an  experiment  in  doable  filtration,  as  Filter  No.  218  received  from  March 
1  until  the  end  of  the  year  the  effluent  of  the  Lawrence  city  filter.  Filters 
Nos.  218, 219  are  each  nrJ^nr  ^^  ^°  ^^^^  ^^  area,  and  Filter  No.  220  is  ^^^  of 
an  acre  in  area.  Each  filter  con  tains  4}  feet  in  depth  of  sand  of  an  effective 
size  of  0.20  millimeter.  Filter  No.  218  received  the  effluent  of  the  Law- 
rence city  filter.  Filter  No.  219  received  river  water  to  which  a  certain  small 
percentage  of  sewage  was  added,  and  Filter  No.  220  river  water.  Following 
tables  show  the  average  results  of  .the  chemical  and  bacterial  analyses  made 
during  the  year  of  the  water  applied  to  and  of  the  effluents  from  these  filters. 
It  will  be  noticed  that  the  effluent  of  Filter  No.  218,  to  which  city  water 
was  applied  at  a  rate  of  2,500,000  gallons  per  acre  daily,  contained  on  an 
average  only  6  bacteria  per  cubic  centimeter ;  that  the  bacterial  efficiency 
of  the  filter  was  75.9  per  cent. ;  that  none  of  the  1  cubic  centimeter  samples 
of  the  effluent  examined  contained  B.  coli,  and  only  3.8  per  cent,  of  the  100 
cubic  centimeter  samples  of  the  effluent  examined  contained  this  germ. 

Filter  No.  220,  receiving  the  river  water,  had  in  its  effluent  47  bacteria 
per  cubic  centimeter,  removing  98.9  per  cent,  of  the  bacteria  in  the  applied 
water.  B.  coli  was  found  in  15.1  per  cent,  of  the  1  cubic  centimeter  samples 
of  effluent  examined,  and  34.2  per  cent,  of  the  100  cubic  centimeter  samples. 

The  effluent  of  Filter  No.  219,  receiving  the  most  polluted  water  of  the 
three,  namely,  river  water  to  which  sewage  was  added,  had  112  bacteria 
per  cubic  centimeter  in  its  effluent,  a  removal  of  99.5  per  cent.,  the  num- 
ber in  the  applied  water  being  49,670  per  cubic  centimeter.  B.  coli  was 
found  in  47  per  cent,  of  1  cubic  centimeter  samples,  and  66.4  per  cent,  of 
the  100  cubic  centimeter  samples  of  its  effluent. 

Each  of  the  filters  was  operated  at  a  rate  approximating  2,500,000  gal- 
lons per  acre  daily.  The  exceedingly  good  character  of  the  effluent  of 
Filter  No.  218  from  a  chemical  point  of  View  is  noteworthy.  Tables  show- 
ing these  results  follow. 

Effluent  of  Filter  No.  218. 

[Ports  per  100,000.] 


Quantity 
Applied. 

Oallon« 

Tempera- 

1 

APPBARAKGS.   I 

Ammonia. 

Nrr&ooxH 

AS 

1 

^  ! 

1»«4I. 

per  Acre 

ture. 

• 

1  1 

• 

o 

^o 

• 

i 

DaUy 
for  Sk 

Deg.  F. 

u      i 

■ 

1 

1 

hi 

.•a 

• 

1 

be 

Cen 
Ived 

Days  in  a 
Week. 

1 

1 

1 

1 

1 

& 

^ 

8 

.29 

1' 

ATernge, 

2,496.7-20 

58 

0 

.*3    , 

.0006 

.0063 

.80 

.041 

.0003 

68.8 

2.1 
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Effluent  of  Filler  No.  218. 
[ATerage  of  Bacterial  Analysef .] 


Avenkge 

Number  of 

Baoteria 

per  c.c. 

Per  Cent. 

removed 

(Efficiency). 

NUMBBB  OP  SaMPLBS 
TSITBD  POB  B.    COLI. 

Pbb  Cbnt.  op  Samplbs 
comtainimo  b.  cou. 

19#4. 

1  C.C. 

100  CO. 

1  c.c. 

lOO  c.c. 

Maroh.    .... 

April 

May 

June 

July,       .... 
August,  .... 
September,     . 

October 

November, 
December. 

6 
10 
7 
9 
10 
5 
4 
0 
8 
6 

80.0 
88.4 
66.0 
5».0 
41.0 
78.8 
83.4 
85.5 
M.O 
88.7 

IS 
IS 
13 

12 
12 

IS 
IS 
13 
IS 

12 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
16.7 

Average. . 
Total, 

6 

75.9 

63 

68 

0.0 

3.3 

Applied  WaUr.  —  Filler  No  219. 
[Parts  per  100,000.  J 


Quantity 
Applied. 

Gallons 

per  Acre 

DaUy 

for  Biz 

Days  in  a 

Week. 

! 

Tempers- 
ture. 

Deg.  F. 

Appbab- 

ANCB. 

Ammovu. 

• 

1 

.89 

NiTBOOBN 
AS 

1 

Per  Cent,  of  Dis- 
solved Oxygen. 

• 

0.2 

• 

o 
.41 

• 

ALBUMIKOIO. 

4* 

sz; 

Nitrites. 

1004. 

In 
Solution. 

1 

Average, 

- 

54 

.0475 

.0296 

.0211 

.020 

.0005 

.57     76.4 

1.7 

Effluent  of  FUler  No.  219. 


Average, 


2,360.200 


65 


.80 


.0027    .0103 

I 


.35 


.088 


.0010 


.48 


30.8 


1.6 


Applied  Water.  —  FiUer  No,  219. 
[Average  of  Bacterial  Analyses.] 


1004. 


Average 

Number  of 

Bacteria 

per  c.c. 


Number  of 
Bamnles 

tested  for 
B.  Coli. 


Average 

Number  of 

B.  GoU 

per  c.c. 


Per  Cent,  of 
Samples 

containing 
B.  CoU. 


March,    . 

April.      . 

May, 

June, 

July, 

August,  . 

September. 

October, . 

November, 

December, 

Average, 

Total. 


42,000 
27,600 
71,400 
163,900 
87,600 
81,800 
18,m)0 
2il,.'M0 
51,000 
14,000 


48,670 


11 

8 

12 

7 
1 


89 


1.228 
469 
546 

1,217 
88 


698 


91.0 
87.5 
92.0 
86.0 
100.6 


91.8 
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Effluent  of  Filter  No.  219. 
[Average  of  Bacterial  Aoalyaea.] 


1»«4I. 

Average 

Number  of 

Bacteria 

per  c.c. 

Per  Cent. 

removed 

(Efflciency). 

NuMBBB  or  Bamtlbs 

TaSTSD  FOB  B.   COLI. 

PsB  Curr.  OP  Samplbs 

1      COMTAIMIVO  B.    COU. 

1  o.c. 

1 

100  c.c. 

1  0.0. 

100  C.C. 

March,    .... 
April,      .... 
May,  ..... 
June,      .... 
July,       .... 
August,  .... 
September,    . 
October, 
November,     . 
December, 

1^ 
38 
41 

140 
65 
51 

lao 

20 
SIO 
825 

99.7 
99.9 
99.9 
99.9 
99.8 
99.8 
99.3 
99.9 
99.6 
97.1 

11 

8 

12 

7 

8 

11 

8 

12 

7 
8 

54T5 

62.5 

8.8 

48.0 

66.7 

54.5 
76.0 
60.0 
86.0 
66.7 

ATerage, . 
Total, 

112 

09.5 

41 

41 

47.0 

66.4 

Effluent  of  Filler  No.  220, 

[ParU  per  10i»,000.] 


Quantity 
Applied. 

Oallont 

Tempera- 

Aptbabancb. 

Ammonia. 

NlTBOOBH 
A8 

• 

of   Dia- 
xygen. 

• 

10#4. 

per  Acre 

ture. 

• 

• 

^® 

• 

i 

.2 

Daily 
forSk 

Deg.  F. 

2 

• 

1 

1 

i 

• 

Days  in  a 
Week. 

1 

1 

1 

< 

1 

S 

s 

H 

o 

p 

1 

Average, 

2391  »200 

54 

0 

.81 

.0082 

.0103 

.80 

.028 

.0002 

.48 

41.2 

1.7 

Effluent  of  FiUer  No.  220, 
[Average  of  Bacterial  AnalyseB.]. 


Average 

Number  of 

Bacteria 

per  CO. 

Per  Cent. 

removed 

(Efflciency). 

NuMBBB  or  Bamplbs 

TB8TBD  POB  B.    COLI. 

Pbb  Cbht.  OP  Samplbb 
coMTAnmro  B.  Coli. 

10O4I. 

1  c.c. 

lOO  C.C. 

1  C.C. 

100  C.C. 

January, 

February, 

March,    .... 

ApHl,     .... 

May 

June 

July 

Angust,  .... 
September,    . 
October, 
November,     . 
December, 

40 
87 
40 
28 
51 
12 
24 
26 
61 
11 
46 
200 

99.0 
99.0 
99.0 
98.8 
98.0 
09.9 
96.9 
99.5 
99.6 
99.8 
90.4 
97.0 

18 
12 
IS 
10 
6 

13 
12 
18 
10 
6 

15T4 
16.7 
0.0 
10.0 
88.8 

0.0 
83.8 
80.8 
40.0 
66.7 

Average, . 
t    Total, 

47 

98.9 

54 

54 

15.1 

84.2 
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Filters  Noa.  245  and  246. 

These  two  filters  are  each  go^Q^  of  an  acre  in  area,  and  were  pat  into  oper- 
ation in  April,  1904,  the  object  of  the  experiment  being  to  study  filtration 
through  sand,  comparing  it  with  filtration  through  sand  upon  which  was  a 
layer  of  coke.  Filter  No.  245  contained  4  feet  in  depth  of  sand  of  an 
effective  size  of  0.30  millimeter,  and  Filter  No.  246  3  feet  8  inches  in 
depth  of  sand  of  the  same  effective  size,  on  which  were  4  inches  of  coke 
breeze  from  which  the  dust  had  been  removed,  making  the  grains  of  coke 
approximately  the  same  size  as  the  sand  grains.  The  rate  of  operation  of 
these  filters  was  slightly  more  than  6,000,000  gallons  per  acre  daily.  Tables 
showing  the  chemical  and  bacterial  analyses  of  their  eflQuents  follow. 
Little  difference  in  the  character  of  these  effiuents  can  be  noted ;  if  any- 
thing, the  sand  filter  proved  the  more  efficient.  The  only  difference  in  oper- 
ation was  that  Filter  No.  246  containing  the  coke  was  operated  for  nearly 
five  months  before  surface  treatment  became  necessary.  After  this,  how- 
ever, removal  of  the  coke  from  the  surface  had  to  be  made  five  times  be- 
fore the  end  of  the  year.  The  sand  filter  was  scraped  seven  times  during 
this  period. 

Effluent  of  Filter  No.  245, 

[Parts  per  100  000.] 


Quantity 
Applied. 

Gallons 

Tempera- 

APPBABARCa. 

Ammohia. 

NrraooBN 

AS 

• 

1 

• 

1904. 

per  Aore 

ture. 

• 

>* 

•s 

• 

O 

i 

Daily 
lor  Sue 

Deg.  F. 

m' 

1 

1- 

I 

• 

II 

Days  in  a 
Week. 

o 

1 

< 

.§ 

A 
O 

.026 

4* 

M 

o 

l^ 

1 

Average, 

6,896,200 

60 

0 

.82 

.0046 

.0118 

.29 

.0004 

.48 

4S.4 

1.7 

Effluent  of  Filter  No.  245, 
[Ayerage  of  Bacterial  Analyses.] 


Ayerage 
Number  of 

Per  Cent. 

remoyed 

(BfBoienoy). 

NUMBBB  OF  BAMPLIS  TBBTBD 
FOR  B.    COLI. 

Paa  CsHT.  OF  Samfum 
ooirrAiirivo  B.  Coli. 

Bacteria 
per  c.c. 

1  C.C. 

100  c.c. 

1  CO. 

100  0.0. 

300 

87.8 

127 

126            1 

26.7 

48.9 
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Effluent  of  Filler  No,  246, 
[Parts  per  100,000.] 


1»«4I. 


AveragCt 


Quantity 
AppUed. 

G«U<mB 

per  Acre 

Dafly 

lor  SU 

Darsina 

week. 


Tempera- 
ture. 

Deg.  F. 


6,164,100 


09 


APPSARAllCa. 


S 

o 


.32 


Ammohia. 


I 


S 

e 


.0042 


.0111 


9 

s 

e 


.27 


NiTROOSN 
A8 


5 
1 


.024 


.0007 


g 

s 

M 

o 


.48 


^  M 


41.8 


1.7 


Effluent  of  Filler  No.  246. 
[ATerage  of  Bacterial  Analyses.] 


Average 
Number  of 

Per  Cent. 

removed 

(Efficiency). 

NUXBBB  OF  BaMTLU  TX8TBD 
FOB  B.   COLI. 

Put  GBMT.  OF  Bamplm 
COMTAINIMO  B.   COLI. 

Bacteria 
per  0.0. 

1  CO. 

100  0.0. 

1  CO. 

100  cc 

480 

95.9 

180 

128 

32.2 

48.6 
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FOOD  AND  DRUG  INSPECTION. 


The  work  of  food  and  drag  inspectioD,  which  has  been  conducted  con- 
tinuously by  the  Board  since  1883,  has  undoubtedly  secured  to  the  people 
of  the  State  a  degree  of  protection  from  fraudulent  and  harmful  adultera- 
tion which,  as  measured  by  an  economic  standard,  is  greatly  in  excess  of 
the  cost  of  administering  the  laws  providing  for  this  important  work. 

The  scope  of  these  laws  is  fully  set  forth  in  the  report  of  the  Board  for 
the  year  1903. 

In  the  accompanying  report  of  the  analyst  will  be  found  a  detailed 
account  of  the  examination  of  samples  of  food  and  drugs  purchased  by 
the  inspectors  during  the  year. 

The  Board  is  required,  under  the  provisions  of  the  statutes,  to  report 
annually  to  the  General  Court  the  number  of  prosecutions  made,  and  an 
itemized  account  of  the  money  expended  in  carrying  out  the  provisions  of 
the  law.  (Chapter  75,  section  7,  Revised  Laws.)  This  report  has  been 
made  annually  to  the  General  Court  in  January  since  1884. 

A  general  summary  of  the  work  of  the  Board  in  this  direction  is  also 
presented  in  the  annual  report  of  each  year. 

In  addition  to  the  foregoing,  the  Board  is  required  by  a  recent  statute 
(Acts  of  1902,  chapter  272)  to  publish  as  often  '*  as  once  each  month  in 
the  official  publication  of  the  board,  ...  a  certificate  of  the  examination 
or  analysis  made  by  authority  of  the  board  during  the  preceding  month  of 
any  article  of  food  manufactured  or  offered  for  sale  in  the  Commonwealth, 
which  is  adulterated  within  the  meaning  of  chapter  seventy-five  of  the 
Revised  Laws ;  and  the  board  shall  also  cause  to  be  published,  with  such 
certificate  of  examination,  a  statement  of  the  trade-mark,  brand-mark,  or 
name,  with  the  name  and  place  of  business  of  the  manufacturer,  which 
appear  upon  the  package  or  box  containing  such  adulterated  article,  or 
with  the  name  and  place  of  business  of  the  wholesale  dealer  of  whom  the 
goods  were  obtained.'' 

The  official  publication  referred  to  in  the  foregoing  statute  is  the  weekly 
bulletin  of  the  Board,  which  has  been  published  continuously  during  the 
past  twenty  years,  and  distributed  principally  to  the  health  authorities  of 
the  cities  and  towns. 

The  recent  law  of  1902  (chapter  230)  authorizes  the  Board  ''to  publish 
for  general  distribution  such  parts  of  its  annual  report,  and  such  other 
matter  as  it  may  deem  adapted  to  promote  the  interests  of  the  public  in 
this  Commonwealth.-'     Under  this  provision,  that  portion  of  the  report 


300 


STATE  BOARD   OF  HEALTH.         [Pub.  Doc. 


relating  to  food  and  drug  ioapection  has  since  been  pablished  and  dis- 
tribated  in  pamphlet  form. 

The  following  lists  contain  the  names  of  cities  and  towns  to  which 
warning  notices  of  sales  of  adulterated  food  and  drugs  were  sent  in  1904, 
with  the  number  of  such  sales  in  each  instance :  — 


Cities  and  Taums  to  which  Notices  were  sent  on  Account  of  AdulUrated  Miik  in 

1904. 


Attleborough, 6 

Beverly, 8 

Boston, 8 

Brockton, 14 

BrookUne, 2 

Cambridge 28 

Chelsea, 21 

Dover, 8 

Everett, 8 

Fall  River, 16 

Fltchburg, U 

Fraialngham 2 

Gloucester 33 

Haverhill 5 

Holliston 1 

Holyoke, 8 

Hyde  Park 1 

Lawrence, 8 

Lowell, fiT 

Maiden, 8 

Marblehead, 1 

Marlborough, 1 

Marshfield, 1 

Medford, 6 

Medway 1 

Milford, 4 

Nantucket, 1 


Natick 2 

New  Bedford 7 

Newburyport, 9 

Newton, 18 

North  Adams, 1 

Paxton 2 

Pittofleld, 7 

Plymouth, 4 

Provlncetown, 7 

Severe, 6 

Salem, 8 

Salisbury 8 

Shrewsbury, 2 

SomerviUe, 10 

Stoughton, 2 

Swansea 8 

Taunton 1 

Waltham 9 

Wareham 2 

Watertown 6 

Wayland 1 

Westfleld, I 

Winthrop 2 

Wobum 6 

Worcester, 28 

Total 880 


Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles 

of  Food  Other  than  Milk. 


Arlington, 1 

Attleborough, 1 

Beverly, 1 

Boston, 44 

Brookllne, 1 

Cambridge 12 

Chelsea, 1 

Fall  River 2 


Gloucester, 8 

Holyoke 1 

Lawrence, 11 

Lowell 9 

Lynn 1 

Maiden, 2 

Medford 8 

Natick, 2 
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Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles 

of  Food  Other  than  ift7iB  ~  Concladed. 


New  Bedford, 

Newburyport, 

Plttsfleld,     . 

Qulocy, 

Beading, 

Beyere, 

Rockland, 

Salisbury, 

Somerville,  . 

Springfield,  . 


1 
4 

7 
1 
1 
1 
1 
1 
9 
8 


Walpole, 

Waltham, 

Wareham, 

Wilmlogton, 

Wlntbrop,    . 

Woburn, 

WoTceBter,    . 


2 

1 


Total,' 


1S2 


Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Drugs, 


Andover, 

Boston, 

Bralntree,    . 

Cambridge,  . 

ChelBea, 

Everett, 

Fall  River,  . 

Gardner, 

Gloucester,  . 

Holyoke, 

Lawrence,    . 

Lowell, 

Maiden, 

Marblehead, 

Marlborough, 


2 
34 
1 
4 
2 
1 
4 
1 
1 
1 
6 
1 
4 
1 
1 


Nantucket,    . 

Natick, . 

Newburyport, 

North  Adams, 

Northampton, 

Palmer, 

Pittsfleld, 

Provincetown, 

Reading, 

Rockland,     . 

Somerville,  . 

Waltham, 

Woburn, 


Total, 


1 
1 
1 
1 
1 
2 
6 
1 
1 
2 
6 
1 
3 

88 


The  following  report  treats  of  the  operations  of  the  Board  under  the 
provisions  of  the  food  and  drug  acts  during  the  year  ended  Sept.  80,  1904. 
The  report  made  to  the  Legislature  in  January,  1905,  ^'  of  the  number  of 
prosecutions  made  under  the  act  and  an  itemized  account  of  the  money 
expended  in  carrying  out  the  provisions  thereof,"  is  also  embodied  in  this 
annual  report. 

The  following  persons  comprised  the  force  employed  by  the  Board  during 
the  year  in  this  department :  — 

Albert  £.  Lrach, Analyst, 

Charles  A.  Goessmann, Analyst, 

Hermann  C.  Lythooe, Assistant  Analyst, 

John  F.  McCaffret, Inspector, 

John  H.  Terry, Inspector, 

Horace  F.  Davis, Inspector, 
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The  number  of  samples  of  food  and  drugs  examined  during  the  year  is 
shown  in  the  accompanying  table,  together  with  a  summary  of  the  work 
doDC  since  the  beginning  of  this  line  of  work  in  1883 :  — 

Food  and  Drug  Inspection  (1883-1904). 


SUMMART. 


Tbau. 


1904. 

Total 
1SM.1904. 

4,997 

87,304 

3,307 

55,598 

1,690 

31,711 

33.8 

36.3 

2,799 

54,809 

2,521 

44,869 

278 

9,940 

9.9 

18.1 

865 

15,243 

526 

9,806 

329 

5,935 

38.5 

38.9 

8,651 

157.856 

6,354 

109,770 

2,297 

47,586 

26.6 

30.2 

f  12,069  11 

$220,770  Off 

1  40 

140 

Number  of  Bamplcs  of  milk  examined, 

Number  of  samples  above  standard, 

Number  of  samples  below  standard, 

Percentage  of  adulteration, 

Number  of  samples  of  other  kinds  of  food  examined  (not  milk), 

Number  of  samples  of  good  quality, 

Number  of  samples  adulterated,  as  defined  by  the  statutes,    . 
Percentage  of  adulteration, 

Number  of  samples  of  drugs  examined, 

Number  of  samples  of  good  quality, 

Number  of  samples  adulterated,  as  defined  by  the  statutes,    . 
Percentage  of  adulteration, 

Total  examinations  of  food  and  drugs, 

Total  examinations  of  good  quality 

Total  examinations  not  C/onforming  to  the  statutes, 
Percentage  of  adulteration, 

Expense  of  collection,  examination  and  prosecution, 

Expense  of  collection,  examination  and  prosecution,  per  sample. 


It  appears  from  the  foregoing  table  that  8,651  samples  of  food  and 
drugs  were  collected  and  examined  during  the  year  ended  Sept.  30,  1904, 
of  which  number  2,297,  or  26.6  per  cent.,  were  found  to  be  adulterated, 
or  not  up  to  the  standard  required  by  the  statutes.  This  large  ratio,  how- 
ever, does  not  represent  the  actual  proportion  of  adulteration  which  actu- 
ally exists  in  the  general  food  supply.  On  the  contrary,  it  far  exceeds  it, 
since  the  articles  collected  for  examination  are  chiefly  those  which  expe- 
rience has  shown  to  be  specially  liable  to  adulteration. 

The  whole  number  of  samples  of  food  and  drugs  examined  since  the 
beginning  of  work  in  1883  was  157,356,  of  which  87,304,  or  more  than 
one-half,  as  required  by  the  statutes,  were  samples  of  milk. 

The  amount  expended  in  the  enforcement  of  the  food  and  drug  acts  since 
the  beginning  of  work  has  been  $220,770.06,  and  the  expense  per  sample 
$1.40  for  the  whole  time.  This  expense  was  reduced  from  $2.26  per  sample 
in  1883  to  $1.40  in  1904. 

The  total  amount  of  fines  imposed  for  violation  of  the  acts  relating  to 
food  and  drug  inspection,  up  to  Sept.  30,  1904,  was  $42,428.48. 
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Pboseodtions. 

The  following  table  presents  the  statistics  relative  to  the  prosecutions 
which  have  been  condacted  under  the  food  and  drug  acts  since  the  begin- 
ning of  work  in  1888  (Revised  Laws,  chapter  75,  sections  16  to  27)* :  — 

Number  of  Complaints  entered  in  Court. 


TlAS. 


Food  and 

Other  Articles 

(not  inolading 

Milk). 


DnigB. 


Milk. 


Total. 


Conyictions. 


1888,  . 
1S84,  . 
1886,1 

1887,. 
1888,  . 

1888,  . 
1890,  . 
1881,  . 
1892,  . 
1898,  . 

1894,  . 

1895,  . 

1896,  . 
1887,  . 
1898,  . 

1889,  • 

1900,  . 

1901,  . 
1S02,  . 

1903,  . 

1904,  . 


2 
60 
10 
80 
22 
74 
78 
96 
62 
26 
U 

7 
13 
10 
19 
46 
80 
26 
84 

6 


666 


6 

4 

9 

1 

45 

48 

1 

68 

119 

■. 

10 

20 

— 

34 

64 

- 

43 

66 

— 

66 

140 

— 

24 

102 

6 

49 

150 

12 

72 

136 

3 

67 

96 

— 

76 

90 

U 

68 

92 

— 

68 

75 

1 

61 

65 

— 

64 

64 

2 

26 

47 

5 

44 

94 

— 

65 

95 

3 

48 

76 

1 

44 

79 

6 

60 

62 

66 

1,076 

1,788 

8 
44 

108 
19 
60 
61 

124 
96 

185 

128 
82 
77 
86 
74 
64 
62 
46 
89 
80 
74 
70 
67 


1,663 


Fines 
imposed. 


-t 
-t 
-t 
-t 
-t 
$2,042  00 

3,889  00 

3,919  00 

2,668 

8,661 

2,470 

2,625 

2,885 

2,812 

2,756 

2,060  98 

1,432  66 

1,880 

1,874 

2,617 

1.287 

1,608 


00 
70 
00 
00 
30 
20 
60 


70 
70 
88 
66 
00 


$42,428  48 


Ratio  of  convictions  to  complaints,  92.4  per  cent. 

Note  — All  complaints  entered  before  May  1,  1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 

The  number  of  prosecutions  made  against  offenders  during  the  year  waa 
62,  and  the  number  of  convictions  57. 

The  following  report  was  transmitted  to  the  Legislature  Jan.  21,  1905, 
in  compliance  with  the  terms  of  the  statute,  section  7,  chapter  75,  Revised 

Laws:  — 

Office  of  the  State  Board  of  Health, 

State  House,  Boston,  Jan.  21,  1806. 

To  the  Honorable  Senate  and  House  of  Bepresentaiives  of  the  Commonwealth  of 

Massachusetts. 

Section  7  of  chapter  75  of  the  Revised  Laws  of  Massachusetts  provides 
that  the  State  Board  of  Health  '^  shall  annually  report  to  the  general  court 

*  Theae  sections  bave  been  published,  together  with  all  the  other  statutes  relating  to  food  and 
drug  inspection,  in  a  pamphlet  authorized  by  chapter  230  of  the  Acts  of  1802. 
t  No  record  kept.  X  ^o  ^^7  ^»  l^^-  §  Four  months  only. 
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the  number  of  prosecutions  made  under  the  provisions  of  sections  sixteen 
to  twenty-seven,  inclusive,  and  an  itemized  account  of  the  money  expended 
in  carrying  out  the  provisions  thereof ; "  and  in  accordance  with  this  provi- 
sion the  following  report  is  made. 

The  number  of  prosecutions  entered  during  the  twelve  months  ending 
Sept.  30,  1904,  was  62.  One  of  the  defendants  left  the  State,  pending  a 
hearing ;  1  was  acquitted  ;  3  were  discharged  on  motion  of  the  prosecution, 
new  complaints  being  entered  against  those  more  directly  responsible ;  and 
the  remainder  (57)  were  convicted. 

The  following  table  sets  forth  the  nature  of  the  offence  complained  of, 
the  place  where  the  offence  was  committed,  the  date  of  trial  and  the  result 
in  each  case :  — 


For  Sale 

OF  Milk  kot  of  Good  Standard  Quautt. 

Plaob.                                                          Date. 

Rbsult. 

Lowell, Oct. 

14.1908,    . 

.    Ck)nviction. 

Spencer, 

Oct. 

21,1903,    . 

.    Conviction. 

Salem,  . 

.    Oct. 

27,1903,    . 

.    Conviction. 

Salem,  . 

.    Nov. 

3,1903,    . 

.    Conviction. 

Salem,  . 

.    Nov. 

3.1903,    . 

.    Nolpros, 

Brockton, 

.    Nov. 

5,1903,    . 

.    Conviction. 

Lowell, . 

.    Nov. 

28,1903,    . 

.    Conviction. 

Whitman, 

.    Dec. 

16,1903,    . 

.    Conviction. 

Needham, 

.    Dec. 

21,1903,    . 

.    Conviction. 

Watertown,  . 

.    March  12,  1904,    . 

.    Conviction. 

Dover,   . 

.    April 

27,1904,    . 

.    Conviction. 

Sudbury, 

April 

28,1904,    . 

.    Conviction. 

Sudbury, 

.    April 

28,1904,    . 

.    Conviction. 

East  Brookfield, 

.    April 

29,1904,    . 

.    Conviction. 

BoylstoD, 

.    May 

3,  1904,    . 

.    Conviction. 

Millis,    . 

.    May 

24,  1904,    . 

.    Conviction. 

Medway, 

.    May 

24,  1904,    . 

.    Conviction. 

Medway, 

,    May 

24,1904,    . 

.    Conviction. 

Medway, 

.    May 

24,1904,    . 

.    Conviction. 

North  Brookfield, 

.    May 

26,1904,    . 

.    Conviction. 

New  Braintree,     . 

,    May 

26,1904,    . 

.    Conviction. 

Hampden, 

.    May 

26,1904,    . 

.    Conviction. 

Hingham, 

.    May 

27,1904,    . 

.    Conviction. 

Hingham, 

.    May 

27,1904,    . 

.    Conviction. 

Woburn, 

.    June 

4,1904,    . 

.    Conviction. 

Nantucket,    . 

July 

7,  1904,    . 

.    Acquittal. 

Holden, 

.    July 

28,1904,    . 

.    Conviction. 

Holliston, 

.    Aug. 

6, 1904,     . 

.    Conviction. 

Medway, 

,    Aug. 

13,1904,    . 

.    Conviction. 

Medway, 

.    Aug. 

13,1904,    . 

.    Conviction. 

Carlisle, 

.    Aug. 

20,1904,    . 

.    Conviction. 

Lowell, . 

.    Aug. 

31,1904,    . 

.    Conviction. 
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PlAOB. 

Lowell, . 

Lowell, . 

Lowell, . 

Sooth  Framingham, 

Carlisle, 

Lowell, . 

Brookfield,    . 

Reading, 

Reading, 

Salisbury, 


Datb. 

Bbsdlt. 

Aug.    31, 1904,    . 

.    Conviction. 

Aug.    81,1904,    . 

.    CouTiction. 

Aug.    81,1904,    . 

.    Conviction. 

Sept.     8,1904,    . 

.    Conviction. 

Sept.    14,1904,    . 

.    Conviction. 

Sept.    16,1904,    . 

.    Conviction. 

Sept.    16, 1904,    . 

.    Defendant  left  State. 

Sept.   20,1904,    . 

.    Conviction. 

Sept    20,1904,    . 

.    Conviction. 

Sept.    28,1904,    . 

.    Conviction. 

Salem,  . 
Salem,  . 
Salem,  . 
Gloucester, 
Lowell, . 


Fob  Sale  of  Milk  coNTAiMiNa  Coloring  Matter. 

.  Oct  27,1908,    .        .        .    Conviction. 

.  Nov.  8, 1908, 

.  Nov.      8, 1908, 

.  Dea  9, 1903, 

.  Aug.  81,  1904, 


Conviction. 
Nolpro8, 
Conviction. 
Conviction. 


Lowell, . 


Fob  Sale  of  Milk  contaiking  Formaldehyde. 

.    Aug.    31, 1904,    .        .        .    Conviction. 


For  deaukg  in  Milk,  Wagon  bearing  no  Name. 


Lowell, . 

.    Aug.    31,  1904,    .        .        .    Conv 

iction. 

Lowell, . 

.    Aug.    31, 1904,    .        .        .    Conviction. 

For  Sale  of  Adulterated  Cheese. 

Boston,  .        .        • 

.    Oct.       2, 1908,    .        .        ,    Conviction. 

Boston,  . 

.    Oct       2,  1908,    .        .        .    Conviction. 

For  Sale  of  Adulterated  Foods  Other  than  Milk  and  Milk  Products. 

Articlb. 

Place.                                           Datb. 

Rksult. 

Raspberry  jam. 

.    Lowell,     .        .        .    Oct        6, 1908, 

.    Conviction. 

Meat, 

.    Boston,     .        .        .    March  16, 1904, 

.    Conviction. 

Cream  of  tartar,    . 

.    Springfield.      .        .    June     17, 1904, 

.    Conviction. 

Maple  sugar, . 

.    Lowell,     .        .        .    June    SO,  1904, 
For  Sale  of  Adulterated  Drugs. 

.    Conviction. 

Phenacetine,  . 

.    Boston,      .        .        .    Oct      80,  1908, 

.    Conviction. 

Tincture  of  iodine. 

.    Newbury  port,  .        .    Oct      81, 1908, 

.    Conviction. 

Distilled  water. 

.    Newburyport,  .        .    Oct      81, 1903, 

.    Conviction. 

Phenacetine,  . 

.    Boston,     .                .    Nov.     24, 1908, 

,    Conviction. 

Tincture  of  iodine. 

.    Boston,     .        .        .    Dec.      18, 1908, 

.    Nolpros, 

Phenacetine,  . 

.    Boston,     .                .    Jan.       6, 1904, 

Conviction. 

The  amount  paid  in  fines  was  $1,509. 
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The  expenditores  for  the  year  were  as  follows :  — 

Salaries  of  analysts, (5,000  00 

Salaries  of  inspectors, 4,280  00 

Travelling  expenses  and  purchase  of  samples,  1,9S5  13 

Apparatus  and  chemicals, 462  68 

Printing, 39  02 

Services  (cleaning  laboratory), 106  00 

Express  and  postage, 10  33 

Sundry  laboratory  supplies, 98  26 

Books  and  maps, 97  80 

Extra  services  (stenographer), 29  15 

Typewriting  supplies, 21  26 

Total (12,069  11 
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REPORT  OF  THE  ANALYST. 


By  Albert  £.  Lbach. 


Dr.  Charles  Harrington,  Secretary  Slate  Board  of  Health. 

Dear  Sir  :  —  I  herewith  sabmit  my  report  on  the  analysiB  of  food  and 
drugs  for  the  year  ending  Sept.  30,  1904. 

In  the  past  reports,  especially  from  1899  on,  methods  of  analysis  of 
yarious  foods  examined  by  this  department  have  been  outlined  whenever 
these  methods  are  in  any  way  peculiar  to  this  laboratory.  It  should  again 
be  stated  that  the  percentage  of  adulteration  of  the  various  foods  and 
drugs  as  given  in  the  statistics  which  follow  is  far  higher  than  that  of  the 
foods  as  they  exist  on  the  market.  This  is  true  because  in  most  cases 
only  such  varieties  of  food  as  are  found  by  experience  most  liable  to  adul- 
teration are  examined ;  and,  again,  the  samples  of  these  foods  collected 
by  the  inspector  are  in  many  cases  of  suspicious  character  as  regards 
purity,  discrimination  being  exercised  in  this  regard  by  the  inspector. 

While  in  most  cases  usage  or  experience  suggests  the  forms  of  adulter- 
ation peculiar  to  various  foods,  the  analyst  has  to  be  on  the  lookout  to  meet 
new  conditions  constantly  arising.  His  methods  are  largely  qaalitativci 
since  technically  he  need  only  show,  in  most  cases,  the  mere  presence  of  a 
forbidden  ingredient. 

As  a  rule,  a  full  analysis  of  adulterated  food,  beyond  establishing  the 
nature  and  in  some  instances  the  amount  of  the  adulteration,  is  entirely 
unnecessary. 

On  account  of  the  necessity  of  verifying  such  formulas  as,  under  the 
law,  must  be  placed  on  certain  compound  articles  of  food,  it  is  frequently 
necessary  to  make  quantitative  determinations.  When  such  quantitative 
results  are  calculated  from  assumed  or  variable  factors,  which  is  necessary 
when  the  adulterant  or  substance  is  itself  complex  or  variable  in  composi- 
tion, as,  for  example,  in  the  case  of  commercial  glucose,  the  analyst  is 
always  conservative  in  his  figures,  by  expressing  the  minimum  amount  of 
the  adulterant,  so  as  to  give  the  defendant  the  benefit  of  any  doubt.  The 
same  is  true  where  the  result  of  the  judgment  is  based  on  the  appearance 
of  the  food  under  the  microscope. 

These  cases  should,  however,  be  distinguished  from  those  in  which  fixed 
and  definite  standards  are  specified  by  statute,  as,  for  example,  in  the 
case  of  total  solids  or  fat  in  milk,  or  acidity  in  vinegar.  Here  there  is,  of 
course,  great  necessity  for  precision  in  quantitative  work. 


310 


STATE  BOARD   OF   HEALTH.         [Pub.  Doc. 


Milk. 

There  were  4,691  samples  of  milk  examined,  of  which  1,627,  or  84.7 
per  cent,  were  below  the  standard.  This  high  ratio  of  adulteration  is  pre- 
sumably much  greater  than  the  actual  conditions  prevailing  throughout  the 
State,  since  with  milk,  more  than  in  the  case  of  other  foods,  the  samples 
collected  are  very  frequently  from  suspected  sources. 

The  following  tables  show  in  summarized  form  the  localities  from  which 

milk  has  been  collected  during  the  year,  as  well  as  the  general  quality  of 

the  milk :  — 

Milk  from  Cities. 


Number   above 
Standard. 

Number  below 

Total  Samples  col- 
lected. 

Per  Cent,  below 
Standard. 

Total  SoUdi  in  Low- 
est Sample. 

Number  of  Skimmed 
Samples. 

NUMBU  OF 

Samplbs 

is; 

Cims. 

• 

Aniline 
Onmge. 

Boston, 

217 

68 

285 

24.8 

10.08 

- 

- 

- 

- 

- 

BrocktOD,    . 

49 

87 

86 

48.0 

10.78 

1 

- 

- 

- 

- 

Cambridge, 

182 

68 

200 

84.0 

11.00 

- 

- 

- 

- 

- 

Chelsea, 

113 

90 

203 

44.8 

10.46 

- 

- 

- 

- 

Everett, 

26 

24 

60 

48.0 

11.27 

- 

- 

- 

- 

- 

Fall  Biyer,  . 

87 

42 

129 

82.5 

9.40 

- 

- 

- 

- 

5 

Fitchburg,  . 

48 

19 

62 

81.7 

8.47 

4 

- 

- 

- 

- 

Gloucester, 

120 

92 

212 

48.4 

8.40 

- 

13 

- 

- 

1 

Haverhill,  . 

89 

21 

60 

86.0 

9.68 

1 

- 

- 

- 

- 

Lawrence,  . 

19 

6 

24 

20.8 

10.87 

- 

- 

- 

- 

- 

Lowell, 

168 

128 

281 

46.6 

8.38 

- 

- 

6 

1 

8 

Maiden, 

89 

41 

80 

60.1 

11.00 

- 

- 

- 

- 

- 

Marlborough, 

69 

12 

71 

16.9 

11.84 

- 

- 

- 

- 

- 

Medford,     . 

82 

16 

47 

82.0 

11.62 

- 

- 

- 

- 

- 

North  Adams, 

10 

11 

21 

62.4 

11.16 

- 

- 

" 

- 

- 

New  Bedford, 

17 

18 

80 

48.8 

10.46 

- 

- 

- 

- 

- 

Newbury  port. 

89 

16 

106 

16.2 

11.20 

- 

- 

- 

- 

- 

Newton, 

69 

66 

124 

44.4 

10.12 

- 

- 

- 

- 

2 

PltUfleld,    . 

88 

10 

43 

28.2 

11.11 

- 

"" 

- 

- 

1 

Quincy, 

86 

6 

40 

12.6 

11.20 

- 

- 

- 

- 

Salem, 

88 

28 

116 

24.1 

9.67 

- 

- 

- 

- 

1 

Somervlile, . 

92 

72 

164 

46.8 

10.80 

- 

- 

- 

- 

- 

Taunton, 

66 

6 

71 

7.6 

10.10 

1 

- 

- 

- 

- 

Waltbam,    . 

128 

46 

178 

26.0 

10.05 

- 

- 

- 

- 

- 

Wobum, 

6 

19 

26 

76.0 

9.93 

- 

- 

- 

- 

- 

Worcester, . 

187 

108 

296 

86.6 

8.90 

4 

- 

- 

- 

- 

Summary, 

1,948 

1,049 

2,997 

85.0 

8.38 

11 

18 

5 

1 

18 
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MUkfrom  Tounu. 


TOWKS. 

Number   above 
Standard. 

Number   below 
Standard. 

Total  Samples  col- 
lected. 

Per  Gent,  below 

Total  Solids  in  Low- 
est Sample. 

Number  of  Skimmed 
Samples. 

Number  of  Samples 
colored  with  Ani- 
line Orange. 

Number  of  Samples 
preeerrad   with 
Formaldehyde. 

Adams,  . 

11 

1 

12 

8.8 

12.97 

- 

- 

- 

AndoYor, 

8 

16 

63.4 

12.66 

- 

- 

- 

Attleborougb, 

91 

36 

127 

88.4 

10.00 

2 

- 

- 

Bedford, 

17 

8 

20 

16.0 

11.34 

- 

- 

Beverly, 

14 

2 

16 

12.6 

10.92 

- 

1 

Brookllne, 

98 

80 

128 

23.4 

11.49 

- 

- 

- 

Clinton,  . 

9 

1 

10 

10.0 

9.86 

1 

- 

- 

Cottage  City,. 

16 

1 

17 

6.9 

11.84 

- 

- 

- 

Dedham, 

88 

7 

40 

17.6 

11.75 

- 

- 

Greenfield,     . 

15 

- 

16 

0.0 

10.04* 

1 

- 

- 

Hyde  Park,    . 

69 

19 

78 

88.0 

11.20 

- 

- 

- 

Marblehead,  . 

18 

4 

17 

23.5 

11.60 

- 

- 

1 

Milford, . 

87 

22 

109 

20.1 

10.20 

1 

- 

- 

Nantucket, 

16 

- 

16 

0.0 

12.00 

- 

- 

- 

Kattck,   . 

84 

10 

94 

10.6 

9.40 

7 

- 

- 

Palmer,  . 

8 

7 

10 

70.0 

11.81 

- 

- 

- 

Plymouth, 

20 

8 

28 

18.0 

12.40 

- 

- 

- 

Provincetown, 

88 

2 

40 

6.0 

11.50 

- 

- 

- 

Reading, 

4 

6 

10 

60.0 

10.60 

- 

- 

- 

Bevere,  . 

48 

59 

107 

65.1 

10.86 

- 

- 

- 

Bockland, 

14 

1 

16 

6.7 

11.60 

- 

4 

4 

Salisbury, 

31 

10 

41 

24.4 

10.00 

- 

- 

- 

Stoughton,     . 

7 

< 

14 

50.0 

12.60 

- 

- 

- 

Wareham, 

26 

2 

28 

7.2 

11.30 

- 

- 

- 

Watertown,   . 

89 

40 

79 

60.6 

10.67 

- 

- 

- 

Weetborough, 

13 

- 

18 

0.0 

12.60 

- 

- 

- 

Weymoutb,    . 

10 

9 

19 

47.3 

11.00 

- 

- 

- 

Whitman, 

26 

8 

84 

28.6 

9.26 

• 

- 

- 

- 

Wlntbrop, 

'   21 

16 

87 

70.2 

11.48 

- 

- 

- 

Summary, 

869 

814 

1,188 

26.6 

9.25 

12 

4 

6 

*  Skimmed  milk,  sold  as  such,  of  standard  quality. 
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Mittefrom  ButpeeUd  Producers, 


TotelSoUda 


Brookfleld, 

Caiitole,  . 
CbArlloD, 
Concord,  • 

rnmlDshun, 

Hardvlck, 
H olden,  . 
Uollliton, 
Medway, 
MIUli,  . 
Faiton,  . 
BhrtnTtbory, 
Sudbnr]-, 
SwKUBea, 

WoflkDd, 

Wobnm, . 
SnmmBry, 


Summary  of  Milk  SUUislics. 


il 


ll 


Towns, 

8u>|ie«ted  produc 
HlBc«llBneouB,    ■ 
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The  followiDg  table  is  iDserted,  showing  the  quality  of  the  milk  by 

months :  — 

Quality  of  Milk  by  Months, 


I 

o 


I 


^ 


I 


t 


m 

I 


s 


It 

I 


Narober  haylDg  more  than  IS  per  cent. 

of  total  Bolids, 

Mninber  haying  between  U  and  16  per 

cent,  of  total  BoUds 

Number  having  between  18  and  U  per 

cent,  of  total  soIidB,  .... 
Number  haying  between  12  and  18  per 

cent,  of  total  Boiida 

NuDiber  haying  between  11  and  IS  per 

cent,  of  total  sollda,  .  .  .  . 
Number  having  between  10  and  11  per 

cent,  of  total  Bollds,  .... 
Number  having  between  9  and  10  per 

oent.  of  total  solids,  .... 
Number  having  between  8  and  9  per 

cent,  of  total  solids,  .... 
Number  having  less  than  8  per  cent. 

of  total  soUds 


Totals, 


26 

42 

158 

254 

26 

11 

4 


521 


6 

25 

63 

124 

17 

t 

1 


243 


18 
41 
141 
94 
13 
10 


317 


7 
12 
57 
88 
11 
2 
1 


10 
17 
52 

77 
9 
2 


173 


168 


18 

47 

138 

267 

49 

15 

2 

2 


15 

14 

88 

202 

71 

18 

5 

4 


538 


418 


14 
22 

108 

198 

84 

27 

6 

2 


18 

29 

117 

207 

57 

11 

7 


14 

16 

00 

186 

58 

7 
2 
1 


455 


446 


848 


11 

20 

66 

194 

66 

22 

4 

8 

1 


887 


26 
48 

160 

868 

70 

28 

6 

2 


687 


177 

828 

1,196 

2,248 

681 

166 

87 

16 

2 


4,691 


Twenty-three  samples  of  milk  containing  artificial  coloring  matter  were 
collected  from  Gloucester,  Lowell  and  Rockland.  Of  these,  13  samples 
contained  annatto,  9  aniline  orange  and  1  caramel.  But  20  samples  of 
milk  were  found  containing  added  preservative,  —  the  smallest  number  for 
some  years.     Formaldehyde  was  in  all  cases  the  preservative  used. 

The  foUowing- table  shows  statistics  regarding  the  use  of  preservatives 
in  milk  for  the  last  few  years :  — 


PreservcUives  in  Milk, 


Tkab. 

Samples 
Ezamlned. 

Number 
containing 
Formalde- 
hyde. 

Per  Cent, 
containing 
Formalde- 
hyde. 

Number 

containing 

Boric  Acid. 

Per  Cent, 
containinff 
Boric  Acid. 

Number 
containing 
Carbonate. 

Total 

containing 

Preserva- 

tive. 

1898, 
1899, 
1900, 
1901, 
1902, 
1903, 
1904, 

1,046 
2,106 
2,018 
2.154 
1,934 
1,986 
1,868 

26 
56 
61 
42 
29 
28 
20 

2.5 
2.6 
3.0 
1.9 
1.5 
1.6 
1.1 

11 
18 
6 
12 
14 
11 

1.0 
0.6 
0.8 
0.6 
0.7 
0.4 

4 

3 

1 

41 
71 
67 
64 

43 
40 
20 

Summary, 

18,065 

261 

2.0 

67 

0.5 

8 

836 
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It  is  iDterestiDg  to  note  the  gradual  decrease  in  the  extent  of  the  use  of 
formaldehyde  in  milk  since  1900.  It  is  our  custom  to  examine  all  samples 
of  milk  for  preservatives  through  June,  Jalj,  August  and  September. 
While  adde.d  coloring  matter  in  milk  is  usually  rendered  apparent  to  the 
experienced  eye  by  the  physical  appearance  of  the  milk  itself,  thus  often 
giving  a  clue  to  the  analyst,  there  is,  of  course,  nothing  at  all  to  indicate 
whether  preservative  is  present  except  a  careful  test. 

The  question  often  arises  in  court  whether  or  not  it  is  possible  to  analyze 
milk  after  it  has  become  sour,  since  it  occasionally  happens  in  the  summer 
time  that  milk  from  long  distances  sometimes  reaches  the  laboratory  not 
perfectly  sweet.  Again,  it  is  sometimes  held  that  certain  sealed  samples 
of  milk  can  not  be  analyzed,  because  they  are  sour.  As  a  matter  of 
fact,  while  the  process  of  lactic  fermentation  results  in  the  formation  of 
traces  of  volatile  acids,  unless  the  sample  has  become  so  badly  curdled  as 
to  render  a  fine,  homogeneous  mixture  of  the  various  parts  impossible,  a 
perfectly  fair  determination  of  the  solids  and  fat  can  readily  be  made. 
Experience  has  proved  that,  excepting  in  instances  of  milk  so  badly  soured 
as  to  become  actually  putrid,  the  analysis  of  sour  milk,  if  carefully  made, 
should  not  differ  materially  from  that  of  the  same  milk  before  souring. 

Care  must  be  taken  to  secure  a  fine  emulsion  of  the  curd  and  whey. 
This  may  sometimes  be  accomplished  by  repeatedly  pouring  a  sample  back 
and  forth  from  one  container  to  another.  Again,  it  is  sometimes  necessary 
to  use  an  egg-beater,  especially  of  the  spiral-wire  pattern,  which  should 
preferably  fit  easily  into  the  can  or  milk-container.  Unless  a  fine,  even 
emulsion  can  be  secured,  it  is  impossible  to  make  a  satisfactory  analysis  of 
the  milk.  With  such  an  emulsion,  results  can  be  relied  upon.  In  meas- 
uring portions  of  the  thoroughly  mixed  sample  of  sour  milk  for  analysis,  a 
pipette  having  a  large  opening  should  be  used. 

Detection  of  Added  Water, 

In  the  analyst's  report  for  1903  a  method  was  outlined  for  the  detection 
of  added  water  in  milk  by  means  of  the  Zeiss  immersion  refractometer^ 
and  additional  experience  with  this  method  through  the  year  has  proved  its 
reliability  beyond  a  doubt.  The  writer  knows  of  no  other  method  for  pos- 
itively showing  added  water  in  milk,  especially  when  the  sample  stands  11 
per  cent,  or  more  in  total  solids.  It  has  hitherto  been  impossible  positively 
to  allege  added  water  in  milk,  unless  the  sample  as  analyzed  was  found  to 
stand  lower  in  total  solids  than  the  minimum  limit  for  Holstein  milk  of 
known  purity. 

The  following  table  shows  the  results  of  the  analysis  of  milk  of  known 
purity  taken  from  a  herd  of  Holstein  cows  in  Middlesex  County,  milked  in 
the  presence  of  the  writer.  These  cows  were  kept  under  ordinary  farm  con- 
ditions, the  daily  ration  in  each  case  consisting  of  three  quarts  of  meal, 
two  quarts  of  mixed  feed,  and  two  quarts  of  gluten  with  green  fodder. 
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Milk  of  Known  Purity  from  Common  Ebhtein  Cows. 


DlSTBUMIKATIONg  CM  MiLK. 

Oh  Milk  Sbrum. 
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6 

1 

1.0290 

87.24 

12.76 

4.60 

8.26 

0.62 

4.90 

2.84 

1.0268 

42.9 

1.843842 

5 

2 

1.0297 

87.82 

12.68 

4.10 

8.68 

0.46 

4.90 

3.23 

1.0296 

43.1 

1.343918 

3 

9 

1.0S06 

87.87 

12.13 

3.66 

8.68 

0.66 

4.86 

3.68 

1.0287 

41.6 

1.848816 

H 

3 

1.0302 

87.89 

12.11 

3.66 

8.46 

0.60 

4.90 

3.06 

1.0291 

42.0 

1.848600 

6 

3 

1.0296 

88.07 

11.93 

8.46 

8.48 

0.60 

4.80 

8.68 

1.0271 

41.4 

1.843278 

7 

1^ 

1.0807 

88.24 

11.76 

3.60 

8.16 

0.60 

4.80 

2.86 

1.0291 

42.1 

1.348688 

o 

8 

1.0290 

88.32 

11.68 

3.80 

8.88 

0.49 

4.66 

8.24 

1.0285 

41.8 

1.34842ft 

6 

4 

1.0300 

88.60 

11.40 

3.06 

8.86 

0.60 

4.66 

3.20 

1.0287 

40.9 

1.343092 

S 

8 

1.0286 

88.83 

11.17 

3.25 

7.92 

0.68 

4.10 

8.29 

1.0286 

89.7 

1.842636 

6 

9 

1.0290 

88.90 

11.10 

8.80 

7.80 

0.66 

8.96 

3.26 

1.0266 

89.9 

1.842712 

7 

7 

1.0286 

89.44 

10.66 

2.70 

7.86 

0.68 

8.76 

8.48 

1.0296 

89.0 

1.342870 

2 

2 

1.0286 

89.66 

10.46 

2.60 

7.46 

0.69 

4.25 

8.01 

1.0267 

40.0 

1.842760 

Hlghc 

»Bt,  . 

1.0307 

89.65 

12.76 

4.60 

8.68 

0.60 

4.90 

3.68 

1.0296 

43.1 

1.848918 

Lowe 

Bt,    . 

1.0282 

87.24 

10.46 

2.60 

7.80 

0.46 

3.76 

2.84 

1.0268 

89.0 

1.842370 

Ayen 

«e, 

1.0296 

88.86 

11.66 

8.46 

8.22 

0.64 

4.46 

8.28 

1.0281 

41.6 

1.343620 

From  this  it  may  be  seen  that  milk  of  known  purity  may  contain  as  low 
as  10.45  per  cent,  of  total  solids,  and  even  this  is  by  no  means  the  mini- 
mam  limit. 

We  have  hitherto  claimed  that  it  is  safe  to  assume  that,  if  milk  stands 
below  10.75  in  total  solids  with  a  solids  not  fat  less  than  7.80,  the  milk 
may  safely  be  condemned  as  fraudulently  watered.  The  chief  advantage 
of  the  refractometric  method  lies  in  its  ability  to  detect  watered  milk  run- 
ning between  11  and  12  per  cent,  in  total  solids. 

As  an  example  of  this,  I  would  cite  the  case  of  a  suspected  producer  in 
Worcester  County,  whose  milk,  standing  at  11.33  per  cent,  in  total  solids 
and  3.8  per  cent,  fat,  was  declared  to  contain  added  water,  though  with- 
out the  refractometric  reading  of  the  milk  serum  (38.3°  at  20°  C.)  this  fact 
could  not  have  been  established.  This  sample  being  at  the  time  the  highest 
total  solids  on  which  a  case  of  alleged  added  water  had  ever  been  brought^ 
it  was  with  some  misgivings  that  the  case  was  prosecuted  ;  but  the  defend- 
ant, after  being  found  guilty  on  the  evidence,  in  order  to  relieve  himself 
of  the  odium  of  selling  watered  milk,  finally  admitted  that  an  employee  of 
his,  a  Pole,  who  had  been  discharged  by  him  about  the  time  of  the  seizure  of 
the  milk,  had  been  caught  in  the  act  of  pouring  off  the  tops  of  the  cans  on 
account  of  spite,  and  filling  them  up  with  water.  This  episode  furnished 
a  most  satisfactory  and  convincing  proof  of  the  reliability  of  the  method. 

Before  the  minimum  reading  of  the  refract ometer  can  be  definitely  fixed,  it 
will  be  desirable  to  examine  a  large  number  of  low-standard  milk  samples  of 
known  parity,  and  this,  it  is  hoped,  can  be  accomplished  in  the  near  future* 
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Condensed  Milk. 

Ninety-two  samples  of  condensed  milk  were  analyzed,  12  of  which  were 
found  to  consist  of  condensed  skimmed  milk.  Following  are  the  results  of 
the  analysis  of  the  newer  brands,  or  those  not  recorded  in  recent  years ; 
these  were  analyzed  in  fall :  — 


Condensed  MUk. 


Brahd. 


Total 

SoUdt 

(Per 

Cent.). 


Wftter 

(Per 

Cent.). 


HUk 
Bolide 

(Per 
Cent.). 


Cene 
Bnirer 

(Per 
Cent.). 


Milk 
Sugar 

(Per 
Cent.). 


Protelde 

(Per 
Cent.). 


(Per 
Cent). 


(Per 
Cent.). 


Fat  in 
Original 

MDk 

(Per 
Cent.). 


Begal, 
Triangle, 
Brindle  Cow,  . 
Wingold, 
Bed  Clover,     . 
White  Pansy, . 
Rob  Roy, 
Stamp,     . 
Jaxon,     . 


O'KeefTe'B 

rock. 
Anchor,  . 


Sham 


Farm  Fayorite, 
Middlesex, 
Sailor  Boy, 


78.69 
73.88 
70.77 
78.48 
71.68 
72.94 
74.14 
71.92 
74.88 
76.80 
76.71 
72.87 
76.82 
69.06 


26.81 

30.28 

43.41 

10.92 

7.92 

9.90 

1.48 

27.63 

29.86 

42.62 

9.82 

8.69 

10.05 

1.40 

29.23 

80.80 

39.97 

9.84 

10.08 

9.80 

1.68 

26.62 

27.60 

46.88 

6.87 

9.76 

9.30 

1.60 

28.42 

27.46 

44.12 

10.46 

7.35 

7.96 

1.70 

27.06 

82.90 

40.04 

11.06 

11.20 

9.16 

1.49 

26.86 

29.68 

44.61 

18.02 

7.86 

7.20 

1.66 

28.08 

29.16 

42.76 

11.32 

9.68 

6.76 

1.61 

26.67 

88.13 

41.20 

12.94 

10.81 

8.40 

1.48 

S4.20 

31.66 

44.14 

12.38 

9.91 

7.80 

1.67 

24.29 

31.69 

44.02 

12.82 

9.61 

7.80 

1.66 

27.13 

32.61 

40.86 

13.24 

9.44 

7.96 

1.88 

24.68 

88.87 

41.95 

13.24 

10.74 

7.80 

1.50 

30.34 

86.17 

88.49 

11.46 

17.60 

6.40 

1.81 

4.63 
4.40 
4.03 
8.94 
8.80 
8.61 
3.31 
8.20 
3.16 
3.06 
3.03 
3.02 
2.83 
2.10 


Evaporated  •*  Cream,'^'* 


Top  Notch,      . 

27.26 

72.76 

27.26 

- 

10.30 

8.26 

7.50 

1.10 

4.68 

Columbia, 

29.27 

70.73 

29.27 

- 

11.18 

9.67 

7.75 

1.26 

4.86 

Ideal, 

84.29 

66.71 

34.29 

- 

12.86 

7.76 

10.20 

1.45 

4.48 

Pet 

- 

- 

- 

- 

- 

- 

7.35 

3.46 

4.16 

Borden's  Peerless,. 

- 

- 

- 

- 

- 

- 

7.80 

1.43 

3.64 

Top  Notch, 

- 

- 

- 

- 

- 

- 

6.78 

1.33 

3.66 

St.  Charles,     . 

- 

- 

- 

- 

- 

- 

6.60 

1.64 

2.86 

Top  Notch,  .    . 

29.51 

70.49 

29.61 

- 

11.24 

9.28 

6.90 

1.23 

2.84 

The  following  are  old  brands,  or  those  previously  examined,  determina- 
tions of  the  fat  and  ash  only  being  made  in  each  case  in  order  simply  to 
ascertain  the  general  quality  of  the  milk :  — 
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Condeiutd  MUk. 


Bbaxd. 

(Per 
Cent.)* 

Flit 

(Per 
Cent.). 

i^t  in 
Original 

Milk 

(Per 

Cent.). 

BaAvn. 

Aih 

(Per 

Cent.). 

T9k 

(Per 

Cent.). 

Fat  in 

Original 

Milk 

(Per 

Cent.). 

Lennox, 

1.65 

10.86 

4.S9 

Willow  Farm, 

1.62 

7.80 

8.41 

Owl, 

1.64 

lo.ao 

4.88 

Jaxon, 

1.80 

8.70 

8.88 

Something  New,  . 

1.51 

9.80 

4.82 

Eagle,  . 

1.67 

7.95 

8.82 

Challenge,    . 

1.80 

7.80 

4.20 

Winner, 

1.50 

8.40 

8.27 

Perfection,  . 

1.66 

9.00 

4.07 

Eagle,  . 

1.66 

7.20 

8.25 

Dellance, 

1.49 

8.66 

w.Uv 

Qray's, 

1.88 

8.25 

8.17 

Tip  Top, 

1.67 

9.46 

8.96 

Fnrity, 

1.69 

7.20 

2.96 

Vermont, 

1.38 

7.80 

8.90 

Chief,  . 

1.68 

6.87 

2.82 

Rose,     . 

1.68 

9.46 

8.88 

Regal,  . 

1.60 

6.80 

2.74 

Nestler, 

1.69 

8.86 

8.64 

Rooster, 

2.07 

7.95 

2.71 

Merit,    . 

1.68 

8.66 

8.62 

Silyer, . 

1.94 

7.60 

2.70 

Ginter'B, 

1.69 

8.25 

8.61 

0*Keeffe's,  . 

1.67 

6.15 

2.69 

Blue  Bell,     . 

1.66 

8.22 

8.49 

O'Keeffe's, 

1.60 

6.00 

2.62 

Standard,      •       • 

1.S3 

7.60 

8.46 

Flame, 

1.54 

6.40 

2.46 

Connor's, 

1.86 

9.00 

3.41 

While  it  is  impossible  to  determiDe  exactly  the  quality  of  the  original 
milk  from  the  analysis  of  a  condensed  sample  of  sagar-preserved  milk, 
quite  satisfactory  approximate  results  have  been  obtained  by  the  methods 
published  in  our  former  reports.  A  more  satisfactory  method  of  calculat- 
ing the  fat  in  the  original  milk  consists  in  reducing  the  fat  and  the  milk 
solids  to  the  basis  of  the  cane-sugar-free  sample.  This  is  done  by  dividing 
the  per  cent,  of  each  as  found  in  the  sample  by  100,  less  the  percentage  of 
cane  sugar,  and  multiplying  the  result  by  100 ;  then  ascertaining  the  differ- 
ence between  the  milk  solids  and  the  fat  thus  obtained  in  the  cane-sugar-free 
sample,  and  dividing  this  percentage  of  milk  solids  not  fat  by  9.8,  which  is 
assumed  as  the  percentage  of  solids  not  fat  in  the  original  milk.  The  re- 
sult is  ^'  the  number  of  times  condensed  "  (if  cane  sugar  were  not  present 
as  a  diluent).  The  per  cent,  of  fat  in  the  cane-sugar-free  sample,  divided 
by  'Hhe  number  of  times  condensed,'*  as  above  obtained,  gives  approxi- 
mately the  percentage  of  fat  in  the  original  milk. 

By  assuming  the  highest  reasonable  figure  for  solids  not  fat,  it  is  readily 
seen  that  the  highest  result  is  obtained  for  the  fat  in  the  original  milk ;  and 
hence  the  benefit  of  any  doubt  as  to  the  use  of  skimmed  milk  is  given  to  the 
manufacturer. 
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Cream. 

Seven  samples  of  cream  were  examined  for  preservatives,  1  of  which  was 
found  to  contain  formaldehyde. 

Butter. 

Two  hundred  and  seventeen  samples  of  butter  were  examined,  of  which 
8  were  declared  adulterated,  being  ''  renovated  butter"  sold  without  proper 
regard  to  labelling.  It  should  be  said  that  many  more  samples  of  ^^  reno- 
vated butter"  were  received,  but,  with  the  exception  of  8,  all  were  sold 
and  marked  in  accordance  with  the  law. 

Cheese. 

Sixty  samples  of  cheese  were  examined,  of  which  13  were  pronounced 
adulterated,  2  of  these  by  reason  of  the  fact  that  they  were  skimmed-milk 
cheese,  and  1  as  containing  boric  acid  without  being  labelled.  A  skimmed- 
milk  cheese  is  at  once  indicated  if  the  fat  is  considerably  less  than  the 
proteids. 

The  following  brands  of  cheese  were  found  to  be  adulterated :  — 

Published  Results  of  Analyses  of  Cheese, 


Vabibtt. 

Brand. 

Results  of  Analyses. 

Neufchate), 
Neufchate], 
Soft  cheese, 

Worcester  County  M.  R.  B., 
Crescent,      .... 
MacLaren's  Imperial, 

Sklmmed-milk  cheese. 
Skimmed-mllk  cheese. 
Preserved  with  boric  acid;  no  formala. 

MacLaren's  Imperial  cheese,  it  should  be  said,  was  afterwards  sold  in 
packages  bearing  a  formula  specifying  the  presence  of  boric  acid,  in  ac- 
cordance with  the  law. 

Cocoa, 

Twenty-one  samples  of  cocoa  were  examined,  of  which  17  were  found 
to  be  adulterated.  The  adulterants  found  were,  as  usual,  sugar,  corn  and 
wheat  starches,  and  cocoa  shells.  The  presence,  under  the  microscope,  of 
an  abnormally  large  number  of  yellow  and  brown  fragments  in  the  water- 
mounted  cocoa  specimen,  even  under  small  magnification,  rouses  suspicion 
of  the  presence  of  shells,  the  most  distinct  elements  of  which  are  the  spongy 
tissue,  the  stone  shells  and  the  abundant  spiral  ducts,  the  latter  being 
scarce  in  pure  cocoa  powder.  Cocoa  shells  are  indicated  on  chemical 
analysis  by  the  abnoi*mally  high  ash  and  crude  fiber. 

The  following  brands  of  cocoa  were  published  in  the  monthly  bulletins  as 
being  adulterated :  — 


No.  34.]         FOOD  AND   DKUG  INSPECTION. 


319 


Published  ResuUa  of  Analyses  of  Cocoa, 


Bbamd. 


Manufacturer  or  Wholesaler. 


Result  of  AiialjrsU. 


HomeBtead  Breakfast,  "Guaranteed 

absolutely  pure." 
Superior  Lunch  Cocoa,  manufactured 

in  America,  "  Warranted  pure," 
Sterry'8 

Acme  Lunch  Cocoa,     .... 


£.  y.  Miller,  Cash  Grocer,  Rock, 
land,  Mass. 


Sterry  &  Sterry,  New  York, 

Brewster  Cocoa  Manufacturing 
Company,  Jersey  City,  N.  J. 


Admix tu re  of  corn- 
starch. 

Large  admixture  of 
sugar. 

Cocoa  shells. 

Large  admixture  of 
sugar  and  wheat. 


Coffee. 

Of  the  90  samples  examined,  4  were  found  to  be  adulterated,  the  adul- 
terants found  being  peas,  pea  hulls,  chicory  and  sugar.  Two  brands  re- 
ported as  adulterated  were  "  Coffey's  Soluble  Coffee,  Premium  Brand,"  put 
out  by  the  Fulton  Mills,  New  York,  containing  30  per  cent,  sucrose,  with- 
out a  proper  label ;  and  ^^  Caf6  des  Invalides,  or  Antidote  Cofifee,"  manu- 
factured by  the  S.  S.  Pierce  Co.  of  Boston,  a  compound  not  labelled  ac- 
oording  to  law. 

A  careful  examination  of  the  crushed  grains  of  the  ground  coffee  sample 
with  the  naked  eye  will  often  serve  to  detect,  and  in  some  cases  identify,  cer- 
tain adulterants,  especially  cereal  grains,  peas  and  chicory.  A  still  more 
effective  method  of  examining  the  grains  themselves  consists  in  the  use  of  a 
•dissecting  microscope  with  a  low-power  magnifier,  observing  the  grains  as 
they  lie  scattered  over  a  white  enamel  plate.  The  writer  uses  for  this  pur- 
pose a  dissecting  microscope  with  an  inch  and  a  half  objective,  mounted  in 
a  Bausch  and  Lomb  compound  erecting  eyepiece. 

The  chicory  grains  are  apparent  from  their  dark  and  somewhat  gummy 
appearance,  and  can  usually  be  recognized  by  crushing  them  between  the 
teeth.  Their  soft  consistency  and  bitter  taste  are  very  distinctive.  The 
dull  surface  of  the  outside  of  the  crushed  coffee  grains  is  in  marked  con- 
trast to  the  polished  appearance  of  the  surface  of  the  broken  peas  or  beans 
often  to  be  found  as  adulterants,  while  fragments  of  broken  cereal  grains 
are  readily  distinguished  from  coffee  with  a  low-power  magnifier,  though 
perhaps  not  easily  identified  by  the  eye  alone. 

Fifteen  samples  of  coffee  of  koown  purity  (3  each  of  the  following 
brands :  Santos,  Porto  Rico,  Rio,  Mocha  and  Java  coffee)  were  analyzed 
in  full  in  this  laboratory  by  H.  C.  Lythgoe,  who,  as  referee  on  tea  and 
<;offce  of  the  Association  of  Official  Agricultural  Chemists,  has  been  work- 
ing up  methods  of  analysis  of  these  products  for  provisional  adoption  by 
the  association. 

The  following  are  the  results  of  these  analyses,  together  with  those  of 
several  samples  of  coffee  substitutes  and  of  adulterated  coffee  taken  from 
samples  collected :  — 
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Table  1.  —  Analytes  of  Boasted  Coffee. 


w 


J 


I" 


Vabibtt. 


Santos, 


c; 


Porto  Rico,  {  B, 
(C, 


Rio,  . 
Mocha, 

Java, 

Highest, 
Lowest, 
Axerage, 


c, 


8 


1.40 
1.87 
1.81 

1.29 
1.2« 
1.48 

1.76 
2.34 
2.10 

2.96 
2.40 

8.34 
8.3.'> 
8.44 

8.44 

1.29 
2.16 


9 


1^ 


4.16 
4.31 
8.80 

4.06 
4.06 
4.12 

4.06 
8.91 
8.74 

4.06 
3.86 
3.80 

4.09 
4.38 
3.96 


4.38 
8.74 
4.03 


8.46 
3.02 
8.00 

8.80 
3.27 
8.82 

8.40 
3.24 
8.06 

8.25 

8.07 
8.00 

3.27 
3.66 
3.10 


3.62 
8.00 
8.26 


« 

1 


t 


•4 


t 


i% 


ills 


I 


^11 


.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 


.00 
.00 
.00 


.028 
.023 
.019 

2.OT 
8.86 
8.36 

.016 
.020 
.016 

8.63 
8.72 
8.66 

.020 
.021 
.028 

4.16 
8.17 
8.22 

.016 
.021 
.012 

8.94 
3.26 
8.64 

.016 
.019 
.011 

3.88 
3.64 
2.96 

.028 

4.16 

.011 

2.96 

.018 

8.65 

71.4 
76.7 
86.6 

87.2 
92*6 
88.8 

102.8 

81.2 
86.6 

97.4 
84.7 
03.8 

96.0 
80.8 
74.6 


102.8 
71.4 
87.1 


& 


O 

M 


.819 
.286 
.278 

.805 

.fiZo 

.883 

.218 

.366 


.282 
.383 
.337 

.268 
.194 
.286 


.424 
.194 
.286 


.846 
.206 
.295 

.887 
.861 
.828 

.166 
.227 
.286 

..361 
.864 
.646 

.421 

.388 
.383 

.646 

.166 

.320 


PvraoLBiTii 


KZTBAOT. 


(Per 
Gent.). 


n^ao-. 


14.66 
18.64 
18.86 

13.00 
13.34 
14.12 

18.88 
18.71 
13.68 

14.84 
14.47 
16.18 

12.61 
12.28 
13.64 


16.18 
12. S8 
18.76 


1.4764 
1.4764 
1.4760 

1.4762 
1.4760 
1.4760 

1.4768 
1.4768 
1.4766 

1.4787* 
1.4743* 
1.4740* 

1.4762 
1.4758 
1.4752 


1.4760 
1.4760 
1.4764 


s 


I. 


2.26 
2.26 
2.80 

2.28 
2.26 
2.3S 

2.14 
2.18 
2.26 

2.28 
2.00 
2.03 

2.48 
2.35 
2.66 


2.66 
2.00 
2.27 


*  Omitted  from  average. 


Tablb  1.  —  Analyses  of  Boasted  Coffee  —  Concluded. 


VARDrrr. 


n 

OP 


u  d 

is 

It 


« 

•I 
M 

15 


li 

as  • 


I 


I 


u 


Santos, 


A,  . 

B,  . 

C,  . 


(A, 

Porto  Rico,  { B, 

(C, 


Rio,    . 
Mocha, 

Java,. 

Highest, 
Lowest, 
Average, 


!l; ; 


ft'- 


Tsw  PsB  Cbht.  Extract. 


i 

00 


20.80 
22.72 
21.70 

16.83 
17.11 
17.80 

0.62 
0.58 
0.76 

2.28 

1.00 
2.32 

13.41 
11.02 
14.71 

1.25 
1.10 
1.20 

1.0107 
1.0108 
1.0101 

22.48 
21.76 
24.44 

15.70 
16.36 
16.91 

0.60 
0.63 
0.64 

2.17 
1.68 
2.62 

13.11 
12.93 
12.50 

1.38 
1.21 
1.32 

1.0107 
1.0104 
1.0113 

22.66 
22.61 
22.76 

17.00 
17.34 
17.37 

0.68 
0.78 
0.61 

2.82 
1.47 
2.62 

14.08 
13.10 
11.91 

1.11 
I.IO 
1.17 

1.0103 
1.0101 
1.0101 

24.00 
20.27 
24.18 

18.01 
17.96 
19.66 

1.78 
0.94 
1.42 

2.30 
1.86 
2.90 

11.22 
12.34 
13.20 

1.16 
1.10 
1.18 

1.0106 
1.0101 
I. 0111 

28.86 
22.19 
23.20 

16.96 
16.46 
16.21 

0.32 
0.42 
0.66 

2.95 
2.32 
8.84 

13.43 
13.77 
14.76 

1.34 
1.30 
1.27 

1 .0110 
1.0107 
1.0108 

24.44 

19.55 

1.78 

3.34 

14.76 

1.84 

1.0113 

20.27 

16.46 

0.32 

1.00 

11.02 

1.00 

1.0101 

22.68 

17.03 

0.76 

2.30 

13.03 

1.20 

1.0106 

26.7 
26.9 
26.0 

26.6 
26.8 
27.6 

25.6 
25.8 
26.0 

26.4 
26.8 
27.8 

26.9 
26.6 
26.6 


27.6 
26.0 
26.6 


A 


M 


\h 


1.33770 

1.3377 

1.83743 

1.33766 
1.33764 
1.88804 

1.83724 
1.33736 
1.33743 

1.33768 
I. 88764 
1.83703 

1.83777 
1.83762 
1.38766 


1.38804 
1.83748 
1.83766 


a 

9 


I 


s 


2.64 
2.66 
2.46 

2.60 
2.60 
2.77, 

2.48 
2.46 
2.46 

2.66 
2.47 
2.72 

2.63 
2.68 
2.62 


3.77 
2.46 
2.72 


.40 
.89 
.80 

.87 
.86 
.80 

.40 

86 

.30 

.40 
.86 
.40 

.89 

.88 
.88 


.40 
.80 
.87 


*  Reducing  substance  not  starch  but  reckoned  as  snch. 
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Table  II.  —  Analyses  of  Coffee  Substitutes  and  of  Adulterated  Coffee. 


TABiaTT. 


a 

U 


o 


9 


Boasted  wheat. 

Boasted  chicory, 

Coffee  and  chicory, . 

Coffee,  chicory  and 
pea  halls. 


fi.60 
6.65 
6.08 
8.64 


6.71 
4.87 
3.96 
4.97 


2.82 
2.27 
8.14 
4.06 


I 


.00 
.81 
.06 
.24 


a 

9 

o 

i 


I 


OQ  R 

e  o  o 


OS 
o  V 


£ 


o 

M 

0X 


I" 


I 


0X 

I" 


.080 

.026 

•.284 


0.84 

6.0 

.649 

0.96 

21.8 

.277 

8.06 

77.0 

.286 

2.60 

66.6 

.472 

1.460 
0.814 
0.323 
0.740 


Pbtrolbum 

Ethbb 
Extract. 


Ptt 

Cent.). 


2.40 
0.88 
8.82 
9.66 


HdSO*. 


s 

r 


I 


15 


1.84 
1.10 
1.80 
2.17 


*  Admlxtare  of  salt. 


Table  II.  —  Analyses  of  Coffee  Substitutes  and  of  Adulterated  Coffee —  Concluded. 


Tabibtt. 


Boasted  wheat,  . 
Boasted  chicory. 

Coffee  and  chic- 
ory. 

Coffee,  chicory 
and  pea  hulls. 


26.88 
72.92 
81.79 
26.00 


o 

«• 
»-   . 

1^ 


n 

h 

«• 
bo  . 

-I 


10.72 
84.89 
21.66 
14.26 


4.10 

19.84 

6.06 

8.00 


e^ 


\& 


I 
fi^ 


28.68 
2.10 
2.21 
8.78 


6.23 

6.91 

14.81 

17.87 


OP 


0.00 
0.00 
0.96 
1.00 


Tbh  Psa  Cbht.  Extract. 


I 


i' 


A 


o  o  o 


8 


r 


1.0807 
1.0142 


- 

- 

- 

46.0 

1.84168 

7.44 

80.6 

1.88916 

8.62 

— 

1.47460 

— 

s 

o 

I 


.26 
.29 


For  these  methods  in  fall,  see  ''  Proceedings  of  the  Twenty-first  Annaal 
Convention  of  the  Association  of  Official  Agricultaral  Chemists." 

CONFECTIONEBT. 

Of  34  samples  analyzed,  one  only  was  pronounced  adulterated,  by  reason 
of  the  presence  of  an  undue  amount  of  paraffine. 


Cbeah  of  Tabtab. 

Two  hundred  and  seventy  samples  were  analyzed,  6  of  which  were  adul- 
terated. The  adulterants  found  were  calcium  acid  phosphate,  gypsum  and 
starch.  Most  of  the  adulterated  brands  were  bulk  goods,  but  one,  the 
Star  Brand  of  Pulverized  Cream  of  Tartar,  ^^  extra  fine,  guaranteed  as  to 
quality  and  strength,"  was  found  to  contain  a  large  admixture  of  the  above 
adulterants. 
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Flavoring  Extracts. 

Almond  Extract, 

Tweuty-four  samples  were  examined,  4  of  which  were  found  to  contain 
hydrocyanic  acid.  According  to  the  Pharmacopoeia,  essence  of  bitter  al- 
monds should  contain  1  per  cent,  by  volume  of  almond  oil  in  strong  alco- 
hol. The  official  essence  of  the  Pharmacopoeia  does  not  specify  that  the 
almond  oil  used  should  be  perfectly  free  from  hydrocyanic  acid,  in  spite  of 
the  fact  that  its  highly  poisonous  nature  is  well  known,  and  that  it  exists 
in  the  crude  oil  to  the  extent  of  from  4  to  6  per  cent.  True,  but  little  of 
it  is  found  in  the  extract ;  but  in  these  days,  when  the  unannounced  pres- 
ence in  food  of  such  substances  as  antiseptics  and  coloring  matters  is  re- 
garded as  questionable  from  a  sanitary  stand-point,  in  spite  of  the  fact 
that  their  physical  effects  on  man  are  still  matters  of  controversy,  there 
should  be  little  hesitancy  in  pronouncing  the  presence  of  prussic  acid  ob- 
jectionable, especially  when  a  pure  almond  oil  entirely  free  from  it  is 
readily  obtainable. 

The  presence  of  nitrobenzol  or  oil  of  mirbane  as  a  substitute  for  almond 
oil  was  looked  for,  but  was  not  found  in  any  of  the  extracts  sold  in  this 
market.     The  following  methods  were  employed  :  — 

Distinction  between  Benzaldehyde  and  Nitrobenzol.  —  Treat  20  cubic  centi- 
meters of  the  extract  with  5  to  10  cubic  centimeters  of  a  cold,  saturated 
solution  of  sodium  bisulphite  in  a  test  tube,  and  shake  vigorously.  Trans- 
fer to  an  evaporating  dish,  and  heat  on  the  water  bath  until  the  alcohol  is 
driven  off.  At  this  stage  benzaldehyde  remains  in  the  heated  solution  as 
a  crystalline  solid,  and  the  solution  gives  off  no  almond  odor.  Nitroben- 
zol, on  the  contrary,  does  not  combine  with  the  bisulphite,  and  is  insoluble, 
forming  globules  of  oil  on  the  surface  of  the  heated  liquid,  and,  in  addition, 
giving  off  the  pungent  odor  so  characteristic  of  the  substance. 

Determination  of  Benzaldehyde.  —  In  case  nitrobenzol  by  the  qualitative 
test  is  found  to  be  absent,  shake  vigorously  50  cubic  centimeters  of  the 
extract  with  20  cubic  centimeters  of  the  saturated  sodium  bisulphite  solu- 
tion in  a  stoppered  flask,  transfer  to  an  evaporating  dish,  and  heat  on  the 
water  bath  till  the  alcohol  has  disappeared,  keeping  up  the  original  volume 
by  the  occasional  addition  of  water.  Note  the  odor  of  the  solution  at  fre- 
quent intervals  during  evaporation,  and  if  at  any  time  the  least  odor  of 
escaping  benzaldehyde  is  apparent,  stir  in  at  once  a  few  drops  more  of  the 
bisulphite  solution.  Cool,  dilute  with  water  slightly,  make  strongly  alka- 
line with  sodium  hydroxide,  and  extract  in  a  separatory  funnel  with  four 
portions  of  low-boiling  petroleum  ether,  of  15  to  20  cubic  centimeters  each. 
Wash  the  combined  petroleum  ether  twice  with  water,  and,  after  removal 
of  the  water,  transfer  it  to  a  tared  dish,  and  allow  it  to  evaporate  sponta- 
neously at  room  temperature.     Finally,  weigh  the  residue. 


No.  34.]         FOOD  AND  DRUG  INSPECTION.  323 

By  reason  of  the  volatility  of  benzaldehyde  and  its  tendency  to  oxidize 
to  benzoic  acid,  the  results  are  only  approximate. 

Separation  of  Nitrobemol  and  Benzaldehyde.  —  If  by  the  qualitative 
test  nitrobenzol  is  found,  shake  vigorously  as  before  50  cubic  centimeters 
of  the  extract  with  10  cubic  centimeters  of  the  saturated  sodium  bisulphite 
solution  in  a  corked  flask,  and  transfer  with  100  cubic  centimeters  of  water 
to  a  large  separatory  funnel.  Shake  out  the  nitrobenzol  from  the  solution 
with  four  successive  portions  of  petroleum  ether,  of  15  to  20  cubic  centi- 
meters each,  and  after  washing  with  water  the  combined  petroleum  ether, 
transfer  it  to  a  tared  dish,  in  which  it  is  allowed  to  evaporate  spontaneously. 

It  is  extremely  difficult  to  avoid  loss  of  some  of  the  nitrobenzol  by  this 
process,  but,  even  if  the  weighed  residue  fails  to  show  the  full  amount 
originally  used,  enough  will  usually  be  extracted  to  admit  of  testing  on  the 
refractometer,  and  of  otherwise  verifying  its  character. 

After  removal  of  the  nitrobenzol,  make  the  residual  solution  in  the 
separatory  funnel  strongly  alkaline  with  sodium  hydroxide,  and  shake  out 
the  benzaldehyde,  if  present,  with  petroleum  ether,  as  previously  described. 
If  after  making  the  solution  alkaline  no  odor  of  benzaldehyde  is  apparent, 
the  absence  of  benzaldehyde  may  be  inferred. 

Distinction  between  Artijicial  Benzaldehyde  and  Pure  Almond  Oil.  —  Test 
the  final  residue  from  the  ether  extract  by  shaking  with  an  equal  volume  of 
concentrated  sulphuric  acid  in  a  test-tube.  With  natural  oil  of  almonds  a 
clear,  brilliant,  but  dark  currant-red  color  is  produced ;  while  with  artificial 
benzaldehyde  the  acid  produces  a  dirty  brown  color,  with  the  formation  of 
a  precipitate. 

Determination  of  AlcohoL  —  In  the  absence  of  other  flavoring  substances 
than  nitrobenzol  and  benzaldehyde,  which  are  rarely  present  to  an  extent 
exceeding  1  per  cent.,  a  sufficiently  ciose  approximation  for  most  purposes 
can  be  gained  by  estimating  the  alcohol  from  the  direct  specific  gravity  of 
the  extract. 

Detection  of  Hydrocyanic  Acid.  — To  a  few  cubic  centimeters  of  extract 
in  a  test-tube  add  a  few  drops  of  a  mixture  of  solutions  of  ferrous  sulphate 
and  ferric  chloride,  the  ferrous  salt  being  in  excess.  Make  alkaline  with 
sodium  hydroxide,  and  add  enough  dilute  hydrochloric  acid  to  dissolve  the 
precipitate  formed  by  the  alkali.  Presence  of  a  blue  coloration  or  precipi- 
tate, due  to  the  formation  of  Prussian  blue,  indicates  hydrocyanic  acid. 
The  reaction  is  very  delicate. 

-  Determination  of  Hydrocyanic  Acid.*  —  Hydrocyanic  acid  may  be  deter- 
mined by  titration  with  tenth-normal  silver  nitrate  solution.  Twenty-five 
cubic  centimeters  of  the  extract  are  measured  into  a  fiask,  and  5  cubic 
centimeters  of  freshly  prepared  magnesium  hydroxide  suspended  in  water 
are  added,  or  enough  to  make  the  reaction  alkaline. 

•  Vlelhaber,  Arch.  Pharm.  (3),  IS,  408. 
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A  few  drops  of  a  solution  of  potassiam  ehromate  are  then  introduced,  and 
the  tenth-normal  silver  nitrate  solution  added,  till,  with  shaking,  the  forma- 
tion of  the  red  silver  ehromate  indicates  the  end-point.  One  cubic  centi- 
meter of  silver  solution  equals  .0027  gram  of  hydrocyanic  acid. 

Banana  Extract. 

Two  samples  of  ^^  banana  extract"  were  examined,  both  of  which,  being 
plainly  marked  artificial,  were  adjudged  in  accordance  with  the  law. 

It  is  obviously  a  fraad  to  pat  out  these  synthetic  or  artificial  fruit 
essences  as  '^  pure  fruit  extracts." 

Jamaica  Ginger  Extraot. 

The  single  sample  of  this  extract  bronght  in  for  analysis  was  pronounced 
adulterated,  containing  a  trace  only  of  ginger  oil.  This  was  the  *'  Banner  " 
brand,  Simpson  Spring  Company,  Boston. 

Lemon  Extract. 

Thirty-two  samples  were  examined,  of  which  19  were  pronounced  adul- 
terated. Lemon  extracts  sold  as  pure,  witboat  formulae  and  containing  no 
lemon  oil  whatever,  though  very  common  in  our  market  two  or  three  years 
ago,  are  now  rarely  found.  Nearly  all  the  cheap  extracts  bear  some 
variety  of  formnla,  but  in  many  cases  the  formula  is  incorrect,  if  not 
entirely  misleading. 

The  following  brands  of  lemon  extract  were  advertised  as  adulterated :  — 

Published  BesuUs  of  Analyses  of  Lemon  Extracts, 


Manutftotorer  and  Wholeealer. 

OH  FOBMULA. 

RasiTLT  oy 

AXALTSIB. 

Brahd. 

Lemon  Oil 

(Percent.). 

Alcohol 

(Percent.). 

Lemon  Oil 
(Percent.). 

• 
■ 

P 

Walker  Chemical  and  Extract  Company, 

Chelsea,  MaBB^ 

RaguB  Tea  and  Coffee  Co..  New  York, 
L.  w.  Manning,  Somervilie,  MaBB.,     . 
Kidder  A  Co.,  Boston,  MaBS., 
International  Extract  Company,  New  York, 
Acme  Extract  Co.,  Bincrhampton,  N.  Y.,    . 
E.  M.  Cbace  Tea  Co.,  Manchester,  N.  H.,    . 
Zopher  Company,  Lowell,  Mass.. 
Elmo  Extract  Company,  Somerville.  MasB., 
Eagle  Extract  Company,  Boston,  Masn.,    . 
Highland  Extract  Company,  Boston,  Mass  , 

Oriental  Drug  Company,  Boston,  Mass.,    . 
Derby  Food  Producing  Co.,  Boston,  Mass., 

8.0 

J* 
_• 
_• 
_* 
_* 
-« 

8.0 
8.0 
2.8 

8.0 
8.0 

66.00 

_* 
_• 

70.00 

0.04 
0.60 
1.40 
1.80 
0.00 
0.60 
8.80 
0.10 
1.40 
1.80 
trace 
0.00 
0.10 
1.00 

00.80 
60.00 
01.80 
70.90 

87T84 
79.60 
48.70 
44.19 

,         .        .        .        . 

Kldder'B  Conoentraled,  . 

Boyal  ArniB, 

Acnae,        .... 

Fayorite 

Pure  concentrated,  . 

- 

»        •       •       •        • 
Derby,       .... 

80.11 

*  No  formula.  t  Cane  sugar  present. 

Orange  Extract. 

The  single  sample  of  this  extract  examined  was  found  to  be  of  good 
quality. 
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PeppermiiU  Extract. 

Two  samples  of  peppermint  extract  were  examined,  one  of  which,  put 
out  by  Harrison  &  Co.  of  Providence,  R.  I.,  contained  only  a  trace  of  oil 
of  peppermint,  with  16  per  cent,  alcohol  by  volume. 

Vanilla  Extract. 
Thirty  samples  were  analyzed,  of  which  8  were  pronounced  adulterated. 

Honey. 

Forty-two  samples  were  examined,  4  of  which  were  adulterated.    The 
usual  adulterants  found  were  glucose  and  cane  sugar. 
The  following  brands  were  published  as  adulterated  :  — 

Published  BesuUa  of  Analyses  of  Honey, 


Beakd. 

Manufactnrer  or  Wholesaler. 

Results  of  Analysis. 

WUd  Rose  California,  . 
Jamaica  Mountain, 

San   Diego   Honey  Company,  San 

Francisco,  Gal. 
Smith  &  Cbeeney,  Boston,  Mass.,      . 

Admixture  of  glucose 

and  cane  sugar. 
Admixture  oi  glucose 

and  cane  sugar. 

Lard. 

Twenty-five  samples  were  examined,  9  of  which  were  found  to  be  adul- 
terated with  cotton-seed  stearine.  The  presence  of  cotton-seed  oil  is  best 
Indicated  by  Halpen's  test. 

Maplb  Sugar  and  Strup. 

Eighteen  samples  of  maple  sugar  were  examined,  6  of  which  were  found 
adulterated  with  refined  cane  sugar.  Forty-six  samples  of  the  syrup  were 
analyzed,  28  of  which  were  similarly  adulterated. 

The  presence  of  refined  cane  sugar  in  maple  products  is  readily  detected 
in  a  positive  manner,  though  the  popular  belief  still  holds  that  pure  white 
sugar  cannot  be  detected.  As  a  matter  of  fact,  it  is  the  impurities  of  the 
maple  sugar  in  the  strict  sense  of  the  term  that  give  to  it  its  commercial 
value,  and  in  so  far  as  these  impurities  are  diluted  or  displaced  by  the 
pure  or  refined  sugar,  to  Just  such  an  extent  is  the  adulteration  rendered 
apparent. 

The  Hortvet  centrifugal  method  of  measuring  the  precipitate,  caused  by 
treatment  of  the  sample  in  solution  with  lead  acetate,  taken  in  connection 
with  the  amount  and  character  of  the  ash,  are  almost  invariably  suflScient 
to  determine  the  purity  of  the  product,  excepting  in  the  case  of  molasses  or 
brown  sugar,  in  which  case  a  determination  of  the  reducing  sugars  in  addi- 
tion is  necessary. 

The  following  brands  of  maple  syrup  were  found  to  be  adulterated  :  — 


■    muo  I  JO  f^uifuv 


y 
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Molasses. 

Sixty-nine  samples  were  examined,  5  of  which  were  adulterated  by  reason 
of  the  presence  of  commercial  glacose.  The  worst  sample  contained  54.8 
per  cent,  of  glacose. 

Spices. 

Gross  adalteration  of  this  class  of  condiments  with  absolutely  foreign 
material  is  now  much  less  prevalent  in  the  Massachusetts  market  than  for- 
merly. Where  a  few  years  ago  it  was  not  uncommon  to  find  samples  with 
from  20  to  80  per  cent,  of  such  adulterants  as  cocoanut  shells,  ground  fruit 
stones  and  cereal  starches,  to-day  the  tendency  is  to  cheapen  these  products 
by  the  use  of  low-grade  or  inferior  spice  materials,  or  by  refuse  products 
from  the  stems  or  adjoining  plant  tissues  which  furnish  the  spices  them- 
selves. Thus,  for  example,  in  cloves  we  find  now  more  than  formerly  a 
larger  proportion  of  clove  stems ;  while  the  pepper  shells  left  in  the  process 
of  decorticating  the  berries  for  white  pepper  are  themselves  ground  and  sold 
as  black  pepper,  or  used  as  a  common  adulterant  thereof. 

Exhausted  spices  left  as  a  residue  from  the  manufacture  of  the  expensive 
volatile  spice  oils  are  often  used  as  the  basis  of  many  of  the  cheaper  grades 
of  these  spices.  This  is  especially  true  in  the  case  of  cassia,  ginger  and 
cloves. 

It  is  very  rare  that  the  microscope  will  fail  to  detect  the  presence  of  any 
foreign  substance  in  spice,  and  hence  its  use  is  indispensable  in  the  exam- 
ination of  this  class  of  foods.  On  account  of  the  changed  character  of  the 
adulteration  of  spices,  as  above  indicated,  chemical  methods  are  becoming 
more  and  more  necessary,  showing  in  some  cases  adulteration  not  readily 
apparent  by  the  microscope,  especially  in  the  case  of  exhausted  spices,  or 
those  deprived  of  the  whole  or  a  part  of  their  volatile  oil.  Sophistication 
of  this  kind  is  indicated  best  by  the  ether  extract. 

Alhpice.  —  One  hundred  and  fifty-nine  samples  were  examined,  5  of 
which  were  adulterated.  The  common  adulterants  found  were  exhausted 
cloves  and  ginger. 

Cassia.  —  Only  1  sample  out  of  192  examined  during  the  year  was  found 
to  be  adulterated,  this  containing  a  large  admixture  of  roasted  wheat,  for- 
eign wood  fiber  and  dirt. 

Cayenne.  —  All  50  of  the  samples  submitted  for  examination  were  found 
to  be  pure. 

Cloves.  —  Of  166  samples  analyzed,  16  were  found  to  be  adulterated. 
The  most  common  form  of  adulteration  was  found  to  consist  in  the  use  of 
an  excess  of  clove  stems.  Exhausted  cloves  and  ginger  were  also  found  as 
adulterants. 

Clove  stems  are  best  identified  under  the  microscope  by  the  large  num- 
ber of  bast  fibers  and  stone  cells,  and  should  not  be  found  in  pure  cloves  in 
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excess  of  5  per  cent.  They  are  also  rendered  apparent  by  the  abnormally 
high  crude  fiber,  which  in  straight  clove  stems  amounts  to  from  13  to  19  per 
cent.  The  use  of  exhausted  cloves  is  indicated  by  the  determination  of  the 
volatile  ether  extract,  which  in  pure  cloves  is  rarely  lower  than  11  per  cent. 
In  one  instance,  where  the  presence  of  exhausted  cloves  was  alleged,  the 
volatile  ether  extract  was  as  low  as  6.72  per  cent.,  and  in  another  instance 
7.27  per  cent.     Note  the  first  two  samples  in  the  table  of  adulterated  spices. 

Ginger,  —  Two  hundred  and  sixteen  samples  were  examined,  4  of  which 
were  found  to  be  adulterated.  The  worst  sample  consisted  largely  of  wheat 
and  buckwheat.  Other  adulterants  found  were  turmeric  and  exhausted 
ginger. 

Two  kinds  of  exhausted  ginger  are  commercially  available  for  admixture 
with  ground  spice  as  an  adulterant.  One  is  the  product  left  after  extrac- 
tion with  strong  alcohol  in  the  making  of  extract  of  ginger,  and  the  other 
the  residue  from  the  extraction,  with  either  very  dilute  alcohol  or  water,  in 
the  manufacture  of  ginger  ale.  Ground  exhausted  ginger  is  rarely  substi- 
tuted wholly  for  the  pure  spice,  since  its  lack  of  pungency  would  at  once 
indicate  its  presence.  It  is  rather  used  in  varying  proportions  in  admix- 
ture with  the  pure  spice.  Indeed,  it  is  found  as  a  common  adulterant  not 
only  of  ginger,  but  also  of  other  spices. 

The  alcohol-extracted  variety  of  exhausted  ginger  is  of  course  rendered 
apparent,  when  present  in  considerable  amount,  by  the  low  alcohol  and 
ether  extract ;  while  the  water-extracted  variety  is  indicated  by  an  abnor- 
mally low  cold-water  extract  and  water-soluble  ash. 

One  sample,  the  analysis  of  which  indicated  the  presence  of  the  water- 
extracted  variety,  showed  a  cold-water  extract  of  11.45  per  cent,  and  a 
soluble  ash  of  1.11  per  cent. 

Mustard.  —  Two  hundred  and  twenty-six  samples  were  examined,  31  of 
which  were  pronounced  adulterated.  The  most  common  adulterants  were 
mustard  bulls  in  excess,  together  with  frequent  examples  of  the  starch- 
containing  weed  seed  so  indicative  of  Dakota  mustard.  The  wheat  and 
turmeric  mixtures,  which  ten  years  ago  were  so  commonly  sold  as  mustard, 
oontainiug,  as  a  rule,  less  than  10  percent,  of  pure  mustard,  are  now  rarely 
found  in  this  State,  and  only  3  samples  of  this  variety  were  found  this 
year,  two  of  which  were  bulk  goods,  and  the  other  Sadtler's  *^  Celebrated 
Old  English  Mustard."     (See  following  table  of  adulterated  spices.) 

Mane.  — Thirty-one  samples  were  examined,  12  of  which  were  found  to 
be  adulterated  in  nearly  every  instance  with  wild  or  Bombay  mace,  and  in 
some  cases  with  corn  starch.  One  sample  of  bulk  goods  was  found  to  con- 
sist almost  entirely  of  corn  starch  and  wild  mace.  The  microscope  at  once 
indicates  when  Bombay  mace  is  present  in  a  sample.  The  oil  glands  in  the 
outer  layers  of  Bombay  mace  are  very  strongly  colored,  and  contain  a  deep- 
red  resinous  substance,  very  different  from  anything  to  be  found  in  true 
mace.    The  glands  of  the  more  Interior  layers  of  wild  mace  have,  moreover, 
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a  balsam-like  substance,  of  a  bright  yellow  color.  The  presence  of  Bom- 
bay mace  is  indicated  under  the  microscope  by  the  presence  of  both  the  red 
and  the  yellow  lumps  in  a  water-mounted  sample  of  the  spice. 

Nutmeg.  —  One  sample  of  the  16  examined  was  found  to  be  adulterated. 
This  was  found  to  consist  almost  entirely  of  wild  mace,  containing  no  nut- 
meg whatever. 

P^per.  —  Three  hundred  and  forty-six  samples  were  examined,  18  of 
which  were  found  to  be  adulterated.  The  worst  sample  consisted  largely 
of  wheat  starch.  (See  that  of  the  Ragus  Tea  and  Coffee  Company,  in  the 
following  table  of  adulterated  spices.) 

The  most  common  adulterant  was  found  to  be  pepper  shells  in  excess  of 
the  proportion  found  in  the  whole  ground  berry.  The  presence  of  an  ab- 
normally large  amount  of  pepper  shells  is  indicated  by  the  high  ash,  the 
limit  of  ash  fixed  by  the  United  States  standard  for  pepper  being  7  per 
cent.  The  microscope  will  usually  indicate  an  undue  proportion  of  pepper 
shells  by  reason  of  the  excess  of  the  stone  cells  of  the  outer  coating  of  the 
berry. 

The  following  list  of  adulterated  brands  of  spices  is  only  a  small  part  of 
those  found  to  be  adulterated  during  the  year,  because  it  is  for  the  most 
part  in  bulk  goods,  bearing  no  clue  to  the  manufacturer,  that  the  worst 
forms  of  adulteration  are  to  be  expected. 

Published  BemUs  of  Analyses  of  Spices, 


BncB. 


Bnmd. 


MMinfaotuter  or  Wholesaler. 


Reealto  of  Analyeee. 


Cloves, . 
Cloves, . 
Ginger, . 
Ginger, . 
Ginger, . 
Mustard, 
Mustard, 
Mastard, 
Mostard, 
Mastard, 
Mastard, 
Pepper, . 
Pepper,. 


Eastern,      .       .       .       . 
OK 

Eastern,      .        .       .       . 
Royal.    "Guaranteed 


ibi 


absolately  pure." 


Eureka.  "Absolutely 

pure." 
Extra  strong,    Double 

Superfine. 


Ardenter,    . 
Double  Superfine, 
Victor, 


American  Japan  Tea  Com. 

panj,  Springfield,  Mass. 
M.  O'Keeife,  Boston,  Mass.,  . 

Bagus  Tea  and  Coffee  Com. 

panv.  New  York. 
American  Japan  Tea  Com. 

pany,  Springfield.  Mass. 
Dwlnell   Wright    Company, 

Boston,  Mass. 
H.  Belanger,  HayerhiU,  Mass., 


B.  Fischer  A  Co.,  New  York, 
W.  S.  Dean  &  Son,  New  York, 


B.  F.   Fischer  A  Co.,   New 

York. 
Saville,  Somes  A  Co.,  Boston, 

Mass. 
Bagus  Tea  &  Cofliee  Com. 

pany,  New  York. 
Ragus  Tea  A  Coffee  Com- 

pany,  New  York. 


Largely  clove  stems  and 

exhausted  cloves. 
Admixture  of    exhausted 

doves. 
Admixture  of  wheat  and 

buckwheat. 
Admixture    of   exhausted 

ginger. 
Large  admixture  of  tur. 

merle. 
Excess  of    8tarch.contain> 

Ing  weed  seed. 
Mustard  hulls. 

Colored  with  turmeric. 

Admixture  of  starch  and 

turmeric. 
Large  admixture    of  tur. 

merle. 
Admixture  of   starch-con 

taining  weed  seed. 
Admixture  of  foreign 

starch. 
Large  admixture  of  wheat. 


Tea. 

Fifty  samples  were  examined,  all  of  which  were  genuine. 
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Vinegar. 

Thirty-four  samples  were  analyzed,  of  which  20  were  condemned,  either 
because  they  were  found  below  the  standard  of  total  solids  or  of  acid  as 
fixed  by  law,  or  because  in  cases  where  they  were  sold  for  pare  cider 
vinegar  the  analysis  showed  that  this  was  untrue. 

In  addition  to  the  cider  vinegars,  8  samples  of  malt  vinegar  were  exam- 
ined, and  pronounced  of  good  standard  quality. 

Following  is  a  summary  of  the  results  of  analyses  of  31  samples  of 
cider  vinegar  found  to  be  pure :  — 

Cider  Vinegar  Above  Standard^  31  Samples, 


Acid 


Solids 


(Per  Cent.)-  (Per  Cent.)- 


Ash 
(Per  Cent.) 


Polarisation 
(200  mm. 
\  entske). 


lUgbest, 
Lowest, 
Average, 


6.12 
4.60 
4.76 


8.10 
2.10 
2.80 


.42 
.20 
.31 


—8.00 
—0.60 
—8.08 


Malic  Acid  Tests. 


Lead 
Acetate. 


Calcium 
Chloride. 


Positive, . 
Positive, . 
Positive, . 


Positive. 
Positive. 
Positive. 


The  following  table  shows  the  results  of   analyses  of  14  samples  of 
vinegar  below  the  standard  :  — 


Cider  Vinegar  Below  Standard^  14  Samples. 


Acid 
(Per  Cent.). 

Solids 
(Per  Cent.). 

Ash 

(Per  Cent.). 

Polarization 
(200  mm.       ' 
\  entske). 

Malic  Acid  Tssts. 

Lead  Acetate. 

Calcinm 
Chloride. 

6.70 

0.96 

.19 

—0.5 

Positive, 

1 
.  i  Positive. 

6.12 

1.60 

- 

-0.7 

Positive, 

.  ,  Positive. 

6.06 

1.90 

.26 

-2.3 

PoslUve, 

.    Positive. 

4.84 

1.98 

.90 

—0.4 

Positive, 

.    Positive. 

4.84 

1.14 

.18 

—0.7 

Posliive, 

.  .  Positive. 

4.76 

1.20 

.28 

-0.4 

Positive, 

.  ■  Positive. 

1 

4.70 

1.78 

- 

—1.4 

Positive, 

Positive. 

4.68 

1.90 

.10 

—1.1 

Positive, 

PoslUve. 

4.68 

1.46 

.29 

-1.1 

Positive, 

1                  a 

Positive. 

4.64 

1.98 

.26 

-2.0 

Positive, 

Positive. 

4.69 

1.84 

- 

-2.1 

Positive, 

Positive. 

4.48 

2.23 

- 

—1.6 

Positive, 

Positive. 

4.U 

2.08 

.26 

—2.7 

Positive, 

Positive. 

4.48 

2.40 

- 

-1.3 

Positive, 

* 

Positive. 
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Following  are  the  results  of  5  samples  bought  for  cider  vinegar,  but 
which  proved  not  to  be  the  product  of  pure  apple  juice,  or  not  made  exclu- 
sively from  apple  cider. 

Cider  Vinegar  not  the  Exclusive  Product  of  Pure  Apple  Juice,  5  Samples. 


Add 
(Per  Cent.). 

Solids 
(Per  Cent.). 

Ash 
(Per  Cent.). 

PoUurixation 
(200  mm. 
Ventzke). 

1          Malic  Acid  Tests.          |^ 

i         Lead                Calcium       j         ^^^®^- 
Acetate.             Chloride,      i 

1 

6.04 
4.86 
4.86 
4.81 
4.48 

8.06 
2.62 
1.82 
1.92 
1.88 

.14 
.28 

.16 

-1-6.2 
+8.9 
—0.7 
-fS.l 
—0.8 

Positive,     . 

Poeltlve, 
Negative, 
Negative,     . 
Negative,     . 

Positive,     .  1 
Negative,     .     Caramel. 
Negative,    . 
Negative,    .  | 
Negative,    .  '  Caramel. 

Canned  Goods. 

Sixty-nine  samples  were  examined,  6  of  which  were  found  to  be  not  of 
good  standard  quality.  Among  the  articles  of  this  class  examined  were 
the  following :  beans,  peas,  corn,  succotash,  baked  beans,  mixed  vegeta- 
bles, pears,  gage  plums,  blueberries,  raspberries,  peaches,  strawberries, 
bacon,  salmon,  shrimp,  mince  meat ;  and  the  following  soups :  mock  tur- 
tle, oxtail,  consomm^,  chicken,  mulligatawny. 

Most  of  these  were  found  to  be  of  good  standard  quality,  with  the  ex- 
ception of  the  canned  peas.  The  following  brands  of  peas  were  found  to 
be  greened  with  copper.  The  product  of  Jules  Dupont  came  under  the 
variety  known  as  soaked  goods. 


Published  Results  of  Analyses  of  Canned  Goods. 

Vashtt. 

Brand. 

Manufacturer  or  Wholesaler. 

Results  of  Analysis. 

Peat,     . 
Peas,     . 
Peaii,    . 
Peas, 
Peas,    . 

Petite  Pols,  Extra  Fins,    . 
Petlts  Pols,  Moyens, . 
PetlU  Pols,  Verts,     . 
Petlts  Pols, 
Petite  Pols, 

Tlsscrand  &  Flls,     . 
Haskell  Adame  Sl  Co.,  Boston, 
Nabob,  Bordeaux,  France, 
Alpbonse  Plnaud,  Paris, 
Jules  Dupont,  .... 

Greened  with  copper. 
Greened  with  copper. 
Greened  with  copper. 
Greened  with  copper. 
Greened  with  copper. 

Miscellaneous  Food. 

One  hundred  and  fifty-three  samples  of  food  not  included  in  the  classes 
hitherto  mentioned  were  examined,  59  of  which  were  found  to  be  adul- 
terated. Among  the  pure  samples  were  included :  beef  extract,  beer  (2 
samples),  celery  salt  (2  samples),  chewing  gum,  codfish,  cooking  oil, 
dried  beef,  evaporated  apple  (4  samples),  flaxseed  meal,  grape  juice, 
horseradish  (2  samples),  ^*  jelly  powder"  (2  samples),  milk  powder, 
mince  meat  (4  samples),  pastry  spice,  peanut  butter  (7  samples),  pop 
corn  cake,  sage,  sugar  (2  samples),  tripe,  vegetable  gluten. 

The  following  miscellaneous  foods  examined  call  for  more  or  less 
comment :  — 
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Baking  Powder.  —  Fifteen  samples  were  examined,  all  of  which  were 
found  to  conform  to  the  statute  requiring  the  list  of  ingredients  present. 

Baking  Soda,  —  Nine  samples  were  examined,  1  of  which  was  pro- 
nounced adulterated  by  reason  of  an  excess  of  salt. 

Cider.  —  Three  samples  of  bottled  sweet  cider  were  analyzed,  2  of 
which  were  found  to  be  preserved  with  benzoic  acid.  One  of  these  bore 
no  manufacturer's  name ;  the  other  was  labelled  '*  Russet  Cider,"  and  was 
the  product  of  the  Copeland  Farm  Cider  Mills  of  Milton. 

Coffee  Substitute.  —  Two  samples  were  examined,  one  of  which,  labelled 
simply  '^  Malt  Coffee,"  evidently  with  the  idea  of  conveying  the  impression 
that  coffee  was  present,  was  condemned  as  containing  no  coffee. 

Curry  Powdei\  —  Two  samples  were  examined,  one  of  which  was  found 
to  contain  rice  starch  as  a  filler. 

Gluten  Flour.  —  Two  samples  were  analyzed,  one  of  which,  ''Beards- 
ley's  Gluten  Health  Bread  Flour,  Entire  Wheat,"  was  found  to  be  entire 
wheat  flour  with  the  normal  percentage  of  starch,  about  70  per  cent.,  and 
the  other  sample  was  bulk  goods,  containing  63.7  per  cent,  of  starch  and 
10.6  per  cent,  of  protein.    (See  also  "  Vegetable  Gluten  "  under  "  Drugs.") 

Hamburg  Steak.  —  Nineteen  samples  were  analyzed,  17  of  which  were 
found  to  be  preserved  with  a  compound  of  sulphurous  acid. 

Jams  and  Jellies.  —  Thirty-five  samples  of  these  products  were  collected 
and  analyzed,  24  of  which  were  condemned  as  not  conforming  to  the  law. 
In  most  cases  these  products  were  the  usual  mixtures  of  apple  stock  and 
commercial  glucose,  either  with  or  without  varying  proportions  of  cane 
sugar  and  of  the  genuine  fruit  which  they  purport  to  contain.  The  larger 
proportion  were  colored  to  conceal  their  inferior  condition,  and  many  were 
preserved  with  either  benzoic  or  salicylic  acid. 

While  many  of  these  products  have  labels  with  the  name  and  percentage 
of  the  ingredients,  these  labels  are  in  many  cases  erroneous  or  misleading, 
or  indistinct,  so  that  they  can  by  no  means  be  considered  in  compliance 
with  the  law.  Following  is  a  list  of  jellies  and  jams  published  as  adul- 
terated during  the  year :  — 

Puhlithed  Results  of  Analyses  of  Jams  and  Jellies. 


Chakaotxr  or  Sakpls. 


Results  of  Analyses. 


Raspberry  preserve, 
Raspberry  }am, 
Raspberry  Jam, 

Strawberry  jam, 


Strawberry  Jam, 


Logan,  Johnson  A  Co.,  Boston, 
Logan,  Johnson  A  Co.,  Boston, 
Curtice  Bros.,  Rochester,  N.  T., 


P.  J.  Rltter  Conserve  Company,  Phil- 
adelphia, Pa.  "  We  guarantee  the 
original  contents  of  this  bottle  to 
be  a  pure  and  wholesome  article  of 
food.^» 

Ideal  Preservative  Company,  Boston, 


Salicylic  acid  and  a  coal  tar  dye. 

No  formula. 
Benzoic  acid ;  not  in  formula. 

Preserved  with  benzoic  acid ;  amount 
of  preservaUve  not  stated  on  for- 
muia. 

Benzoic  acid. 


Benzoic  acid;  not  in  formula. 
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Ketchup.  —  Two  samples  only  were  examined,  1  of  which  was  found  pre- 
served with  benzoic  acid. 

Pickles,  —  Seven  samples  were  analyzed,  one  of  which  was  condemned  as 
having  been  greened  with  copper  salts. 

^'  ITegg"  —  This  peculiar  product,  made  by  the  Egg  Substitute  Company 
of  Boston,  was  advertised  by  our  Board  many  years  ago,  and  it  was  thought 
had  gone  out  of  existence.  It  has  again  appeared  upon  the  market  during 
the  present  year. 

It  is  claimed  to  be  '^  the  only  genuine  and  nutritious  substitute  for  eggs." 
It  is  put  out  in  two  boxes,  one  containing  a  white  and  the  other  a  yellow 
powder,  purporting  to  be  *^  equivalent  to  the  whites  and  yolks  of  one  dozen 
eggs."  As  in  the  old  days,  the  composition  of  the  egg  *'  white  "  was  found 
to  be  nothing  but  tapioca  starch  ;  while  that  of  the  egg  ^^  yolk"  was  also 
tapioca  starch,  colored  with  a  coal  tar  dye. 

WUd  Gherry  Juice,  —  The  single  sample  of  this  preparation  examined 
was  found  to  contain  17.48  per  cent,  by  volume  of  alcohol.  It  was  the 
product  of  the  Beach  &  Clarridge  Company  of  Boston. 


Summary  of  Food  SkUisOcs^  exclusive  of  Milk, 


• 

• 

■ 

!1 

1 

3 

• 

1 

Per  Cent 
Adolte 

1 

1 

Per  Geni 
Adulte 

Allspice, 

Butter, .... 

IM 
209 

6 

8 

159 
217 

81.4 
8.7 

Flavoring    extra 
Concluded, 
Peppermint,  . 

cts- 

1 

1 

2 

60.0 

Canned  goods, 

68 

6 

69 

8.7 

Vanilla, . 

27 

8 

80 

88.3 

Cassia,  .... 

191 

1 

192 

0.6 

Ginger, 

212 

4 

216 

1.9 

Cayenne, 

60 

- 

m 

0.0 

Honey, . 

88 

4 

42 

9.5 

Cheese, 

W 

8 

60 

6.0 

Lard,    . 

16 

9 

25 

86.0 

Clover, .... 

100 

16 

166 

9.6 

Mace,    . 

19 

12 

81 

88.8 

Cocoa,  .... 

U 

7 

21 

88.8 

Maple  sugar, 

12 

6 

18 

88.3 

Coffee,  .... 

86 

4 

90 

4.4 

Maple  syrup. 

18 

28 

46 

60.9 

Condensed  milk, . 

80 

19 

92 

18.0 

Miscellaneous, 

100 

48 

148 

82.4 

ConfectioDery,     . 

88 

1 

84 

28.4 

Molasses, 

64 

6 

69 

7.2 

Cream  of  tartar, . 

264 

6 

270 

1.7 

Mustard, 

196 

81 

226 

11.6 

FlayorlDg  extracts : — 

Nutmeg, 

16 

1 

16 

6.8 

Almond, 

20 

4 

24 

16.6 

Pepper, 

838 

18 

846 

8.8 

S 

- 

2 

0.0 

Tea, 

60 

- 

60 

0.0 

Jamaica  ginger,    . 

0 
18 

1 
19 

1 
82 

100.0 
59.4 

Vinegar, 
Totals,    . 

84 

20 

64 

87.1 

Xiomon,  . 

2,621 

278 

2,799 

9.9 

Orange,  . 

1 

0 

1 

0.0 
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Drugs. 

The  drugs  collected  and  examined  daring  the  year  were  from  much  the 
same  suspicioas  classes  as  in  past  years,  namely,  those  which  experience 
has  shown  most  liable  to  adulteration.  A  full  summary  of  the  quality  of 
the  drugs  examined  will  be  found  on  page  337. 

Aqua  Destillata.  — All  9  of  the  samples  of  distilled  water  collected  from 
drug  stores  were  found  to  vary  widely  from  the  requirements  of  the  Phar- 
macopoeia. 

In  this  age,  when  the  question  of  purity  of  our  drinking  water  is  so 
prominently  brought  before  us,  it  is  difficult  to  see  why  samples  of  pure 
distilled  water  are  so  rarely  dispensed  from  the  average  drug  store.  In 
most  cases  the  results  of  our  analysis  indicate  that  ordinary  tap  water  has 
been  sold  under  the  guise  of  aqua  destillata. 

One  of  the  worst  samples  examined  in  years  by  our  department  contained 
25.5  parts  of  residue  per  100,000.  This  sample  was  purchased  in  a  Chelsea 
drug  store.  Another  sample  bought  in  Boston  was  found  with  11  parts  of 
residue  per  100,000,  and  a  third  in  Lowell  with  8  parts  per  100,000. 

Bismuthi  Subiiitras.  —  A  sample  of  this  drug  sold  by  a  Vineyard  Haven 
druggist  to  a  summer  resident  caused  serious  illness.  On  analysis  in  this 
laboratory  the  powder  was  found  to  consist  entirely  of  tartar  emetic,  evi- 
dently substituted  by  mistake,  A  sample  of  bismuth  subnitrate  was  imme- 
diately after  purchased  by  one  of  our  inspectors  of  the  same  druggist,  and 
found  to  be  pure. 

Calx  Chlorata,  —  None  of  the  samples  of  chlorinated  lime  were  found  to 
be  of  standard  quality.  The  Pharmacopoeia  calls  for  35  per  cent,  of  avail- 
able chlorine. 

The  product  of  Joseph  Brookman  &  Sons  of  Chicago,  111.,  was  found  to 
stand  67  per  cent,  of  the  required  strength ;  that  of  the  Acme  White  Lead 
and  Color  Works  of  Detroit,  Mich.,  stood  only  at  3  per  cent,  of  the  required 
strength,  consisting  largely  of  calcium  carbonate ;  the  Hudson  Chloride  of 
Lime,  manufactured  by  A.  Mendelson  <&  Sons,  Albany,  N.  Y.,  stood  at  29 
per  cent,  of  the  required  strength. 

Essential  Oils,  —  A  larger  variety  than  usual  of  these  preparations  were 
examined,  as  will  be  seen  by  the  summary,  including  oils  of  cloves,  cassia, 
wintergreen,  lemon  and  peppermint.  The  optical  examinations  of  the  essen- 
tial oils  furnish  by  far  the  most  convenient  means  of  judging  of  their  purity. 
Of  greatest  importance  is  the  refractometric  examination,  which  is  applicable 
in  all  cases. 

For  this  purpose  we  use  the  Abb6  refractometer,  futnished  with  temper- 
ature-controlling apparatus.  Some  of  the  oils,  like  lemon  and  peppermint, 
that  rotate  the  plane  of  polarized  light,  are  examined  by  the  polariscope. 
The  specific  gravity  also  serves  as  a  helpful  test  in  many  cases.  Much 
work  remains  to  be  done  on  essential  oils  of  known  purity,  especially  as 
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regards  their  index  of  refraction,  before  perfectly  satisfactory  standards 
can  be  fixed. 

The  following  constants  were  determined  by  H.  C.  Lythgoe  on  samples 
of  essential  oils  obtained  from  Scbimmel  &  Co.,  who  were  requested  to 
furnish  oils  of  known  purity  for  the  purpose  of  analysis  for  standards :  — 


Optical  Constants  of  Some  Essential  Oils, 


Oil. 


Peppermint, 
Peppermint, 
Sweet  orange, 
Bitter  orange, 
Cltronella,  . 
Lemon  grass. 
Spearmint, . 

ClOTCS, 

Wlntergreen  (Betula), 
Wintergreen  (Synthetic), 
Cassia, 
Cinnamon,  . 


Specific 

Orarity, 

15*. 


Polarization 

(100  mm. 

Degrees 

Yentzke). 


0.9066 
0.9060 
0.8610 
0.8632 
0.8996 
0.9070 
0.9310 
1.0602 
1.1866 
1.1865 
1.0666 
1.0396 


—79.7 

—77.8 

272.8 

266.6 

—81.6 

—10.0 

—126.4 

—3.1 

-0.1 

0.0 

0.7 

—0.8 


n©. 


90' 


1.4614 
1.4616 
1.4731 
1.4788 
1.4813 
1.4868 
1.4858 
1.6318 
1.5368 
1.6366 
1.6998 
1.6029 


•5*. 


80*. 


85* 


1.4693 
1.4694 
1.4708 
1.4716 
1.4790 
1.4836 
1.4836 
1.6290 
1.6340 
1.6342 
1.6973 
1.6009 


1.4673 
1.4674 
1.4686 
1.4691 
1.4768 
1.4814 
1.4814 
1.6268 
1.6318 
1.6320 
1.6949 
1.6988 


1.4663 
1.4664 
1.4662 
1.4667 
1.4746 
1.4792 
1.4792 
1.6246 
1.6295 
1.6297 
1.6026 
1.6968 


40* 


1.4633 
1.4634 
1.4637 
1.4643 
1.4722 
1.4770 
1.4770 
1.6222 
1.6272 
1.6274 
1.6901 
1.6948 


Macis, — Two  out  of  the  3  samples  examined  were  found  to  consist 
wholly  or  in  part  of  Bombay  or  wild  mace. 

Oleum  Olivce.  —  In  3  cases,  samples  of  olive  oil  sold  by  druggists  proved 
to  consist  almost  entirely  of  cotton-seed  oil. 

Phenacetine,  — Thirty-one  samples  were  examined,  5  of  which  were  found 
to  be  adulterated  with  acetanilid,  and  a  number  of  court  cases  were  brought 
for  the  sale  of  the  adulterated  article. 

The  method  we  most  rely  on  to  prove  the  presence  of  acetanilid  consists 
in  making  a  saturated  aqueous  solution  of  the  sample  in  ice-cold  water,  and 
adding  bromine  water  drop  by  drop  to  the  clear  solution  in  excess.  If 
acetanilid  is  present,  a  white  precipitate  is  formed  on  shaking.  Another 
test  consists  in  heating  the  sample  with  concentrated  potassium  hydroxide. 
If  acetanilid  is  present,  the  odor  of  anilin  is  apparent,  and  on  the  addition 
of  chloroform,  the  pungent  odor  of  phenyl  isocyanide  is  developed. 

Sodii  Boras.  —  Five  samples  out  of  the  1 7  examined  consisted  wholly  or 
in  part  of  sodium  bicarbonate.  The  '^  Eclipse  "  brand  of  best  refined  borax, 
manufactured  by  M.  J.  and  H.  J.  Meyer  Company  of  New  York,  contained 
no  borax  whatever,  being  entirely  sodium  bicarbonate.  The  ''Crescent" 
brand  of  C.  L.  Hirst  &  Co.,  New  York,  was  largely  sodium  bicarbonate. 
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SpirituB  Camphoroi.  —  Fifteen  of  the  22  Bamples  examined  were  found 
to  be  low  in  strength.  The  following  table  shows  the  polarization  and  in- 
dex of  refraction  of  spirits  of  camphor  of  known  strength,  as  made  up  in 
the  laboratory  with  95  per  cent,  alcohol.  Lower  refractions  than  those 
indicated  in  the  table  with  this  strength  of  alcohol  would  be  suggestive  of 
the  presence  of  methyl  alcohol. 


Spirits  of  Camphor  Standards, 


Per  Gent,  of 

U.  8.  P. 

■trangth. 

Polarization 
(200  mm.  at  20*). 

no  at  36*. 

Per  Cent,  of 

U.  B.  P. 

■trengtb. 

Polariaition 
(200  mm.  at  20"). 

no  at  36*. 

0 

0.0 

1.8676 

66 

12.6 

1.8628 

6 

1.0 

1.8680 

60 

18.8 

1.8688 

10 

2.1 

1.8686 

66 

14.9 

1.8644 

16 

3.2 

1.8690 

70 

16.0 

1.8660 

SO 

4.4 

1.8696 

76 

17.8 

1.8666 

26 

6.4 

1.8001 

80 

18.7 

1.3660 

80 

6.6 

1.8606 

86 

19.8 

1.8666 

86 

7.7 

1.8611 

90 

21.0 

1.8670 

40 

8.9 

1.8617 

96 

22.6 

1.8676 

46 

10.2 

1.8622 

100 

24.0 

1.8680 

60 

11.4 

1.8028 

Tinctura  lodi. — The  usual  high  percentage  of  adulteration  of  this  tinc- 
ture was  apparent,  nearly  90  per  cent,  of  those  examined  failing  to  conform 
to  the  Pharmacopceia.  The  quality  of  the  samples  collected  is  shown  in 
the  following  statement :  — 

8  Bamplee  were  between  90  and  96  per  cent,  of  the  United  States  pharmacopoBial  strength. 


46 

46 

12 

6 

2 

2 

8 
1 


« 


80 


« 


90 


<i 


II 


II 


II 


<i 


70 

80 

II 

II 

II 

•1 

60 

70 

i< 

II 

II 

II 

60 

60 

II 

II 

i< 

11 

40 

60 

II 

<i 

II 

II 

80 

40 

II 

<i 

II 

M 

20 

80 

II 

II 

II 

11 

10 

20 

II 

II 

II 

II 

6 

10 

II 

II 

II 

II 

II 
II 
li 
II 
fl 
II 
tl 
«l 
II 


Two  samples  of  tincture  of  iodine  were  found  to  contain  wood  alcohol. 
One  was  purchased  of  Harry  F.  Weir,  822  Blue  Hill  Avenue,  Roxbury  ;  the 
other  of  F.  A.  Smith  of  Braintree.    For  our  method  of  detecting  wood  alco 
hoi  see  page  342. 

The  worst  sample  of  tincture  of  iodine  examined  in  this  department  for 
some  years  was  purchased  of  Ira  P.  Jefts,  2224  Washington  Street,  Rox- 
bury.   This  contained  about  5  per  cent,  of  the  required  amount  of  iodine. 
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Miscellaneous  Drugs,  —  Under  this  heading  are  included,  besides  unclassi- 
fied drugs,  a  number  of  the  pharmacopceial  preparations  where  only  one  or 
two  samples  of  each  were  collected. 

Among  those  analyzed  and  found  pure  were  the  following:  aristol  (4 
samples),  cera  alba,  epsom  salts,  oleum  anisi,  potassii  bitartras,  pulvis 
effervescens  compositus,  pulvis  ipecacuanhse  et  opii  (3  samples),  quinine 
pills  (12  samples),  sapo,  sulphonal,  tinctura  capsici,  tinctura  zingiberis  (2 
samples) ,  trional. 

Samples  classed  as  adulterated  or  below  standard  were  the  following :  — 
•  Cure  for  Alcoholism. — Manufactured  by  B.  M.  Wooley  of  Atlanta, 
6a.,  was  found  to  contain  morphine. 

Liquozone,  —  **  Simply  liquid  oxygen,"  a  product  of  the  Liqn.ozone  Com- 
pany of  Chicago,  was  found  to  be  a  solution  of  1.35  per  cent,  of  sulphurous 
and  1 .08  per  cent,  of  sulphuric  acid  in  water. 

Opium  Cure. — This  product,  put  out  by  the  St.  James  Society,  1183 
Broadway,  New  York,  was  found  to  contain  in  100  cubic  centimeters  .028 
gram  of  caffeine  and  .085  gram  of  morphine. 

PaW'Paw.  —  Munyon's  Paw-Paw,  manufactured  by  the  Munyon  Remedy 
Company  of  Philadelphia,  and  claiming  to  '*  do  away  with  both  the  neces- 
sity and  desire  for  beer,  wine  and  whiskey,"  was  found  to  contain  29.51 
per  cent,  of  alcohol  by  volume.  It  was  also  found  not  to  contain  any  of 
the  starch-converting  enzymes  of  paw-paw. 

Spiriius  QauUhericB.  —  One  sample  was  examined  containing  insufficient 
oil  of  wintergreen,  and  colored  red  with  a  coal  tar  dye.  This  was  pur- 
chased in  a  Newburyport  drug  store. 

Vegetable  Gluten.  —  *'  Pure  vegetable  gluten,"  put  out  by  the  T.  Metcalf 
Company  of  Boston,  was  found  to  be  virtually  whole  wheat  flour,  and  con- 
tained 63  per  cent,  of  starch  and  10.9  per  cent,  of  protein. 

Vinum  Album  and  Vinum  Rubrum.  —  One  sample  of  each  was  examined, 
both  below  the  standard. 


Summary  of  Drug  Statistics. 


Oenuine. 


Adulterated. 


Total. 


Per  Cent,  of 
Adulteration. 


^ther,    .... 

Alcohol, 

Aqua  ammonite  fortior, 

Aquadestlllata, 

Calx  chlorata, 

Capsicum, 

CaryophylluB, 

Chloroformnm,     . 

Clnnamomnm  cassia,   . 


1 
3 
2 


51 
8 
6 
6 


2 
3 
9 
9 
9 
4 


8 

6 
11 
9 
9 
65 
8 
6 
6 


66.6 

60.0 

81.8 

100.0 

100.0 

7.3 

0.0 

16.6 

0.0 
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Summary  of  Drug  BlaliHicB  —  Goncladed. 


Oemiiiie. 


Adnttented. 


ToteL 


Per  Cent,  of 
AdttKeimtton. 


Extractum  gljcyrrhlzie, 
Extractum  zlngibeiis  fluldnm,   . 
Ferri  et  qulnlnae  cHras, 
Fermin  rednctum, 

Gljcerioum, 

Macls, 

Magnesti  sulphas, 

Miscellaneons,      .       .       .       . 

Oleum  caryopbylli, 

Oleum  clnnamom), 

Oleum  gaultheriae, 

Oleum  llmonls,      .... 

Oleum  menthse  piperita^, 

Oleum  roorrhuse 

Oleum  ollTte,         .       .       .       . 

Oleum  riclnl 

OpU  pulvis 

FhenacetiDe, 

Pulvis  glycyrrhiza)  composltus, . 
QulninsB  sulphas,  .... 

Slnapls  alba 

Sodii  beuzoas,       .... 

Sodii  boras, 

Sodii  iodldum,       .        .        .        . 
Sodii  phosphas,     .... 
Spiritus  fetheiis  nitrosi, 
Spiritus  camphora*, 
Spiritus  frumeuti, 
Spiritus  mentbie  piperitse,  . 
SpiritQS  myrcis,   .        .        .        . 

Sulphur  lotum 

Sulphur  prsecipitatum, 
Sulphur  sublimatum,    . 

Syrupus 

Tinctura  iodi,  .  .  .  . 
Tinctura  opii,  .  .  .  . 
Tinctura  opii  camphorata,  . 

Zingiber 

Totals, 


•i 

6 

12 

9 

88 

1 

2 

46 

2 

8 

8 

6 

2 

22 

27 

86 

1 

26 

17 

8 

4 

16 

12 

6 

81 


8 

12 

2 

2 

8 

15 
1 
6 

16 


16 
0 
2 
9 
6 
2 
1 

16 
1 
4 

80 
1 
7 
8 
2 
1 
6 


6 
4 

1 

2 

15 

7 


10 
11 

8 

128 
1 


526 


329 


18 

6 

14 

18 

96 

8 

8 

61 

8 

7 

8 

86 

8 

29 

80 

87 

2 

81 

17 

8 

4 

16 

17 

10 

82 

2 

22 

7 

8 

12 

12 

18 

8 

8 

148 

2 

6 

16 


856 


88.8 

0.0 

64.8 

60.0 

6.4 

66.6 

88.8 

26.2 

88.8 

67.1 

0.0 

12.0 

83.8 

24.2 

10.0 

6.4 

60.0 

16.1 

0.0 

0.0 

0.0 

0.0 

29.8 

40.0 

8.1 

100.0 

68.2 

100.0 

0.0 

0.0 

88.3 

84.6 

0.0 

100.0 

89.5 

60.0 

0.0 

0.0 


88.6 
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Summary  of  Food  and  Drug  SUUistiesfor  Tear  ending  Sept,  30, 1904. 


Q^nnlne. 


Adoltentod. 


Total. 


Per  Cent. 
Adttltented. 


Milk 

Food,  exdaslve  of  milk, 
Drags,   .... 

Totals,      . 


8,064 

8,S21 

596 


1.627 
878 
329 


6,111 


2,234 


4,691 

2.799 

865 


8,845 


84.6 

9.9 

88.5 


26.7 


Inspection  of  Liquors. 

During  the  year  ending  Dec.  31,  1904,  238  samples  of  liquor  were  sent 

in  for  analysis  by  chiefs  of  police  and  other  officers,  in  accordance  with 

chapter  110  of  the  Acts  of  1902.    These  samples  came  from  11  cities  and 

18  towns,  the  general  character  of  the  work  done  being  summarized  in  the 

following  table :  — 

Summary  of  Liquor  Statistics. 


Number 

of  Semples 

of  Wine. 


Number 

of  Samplea 

of  Cider. 


Number 

of  Semples 

of  Beer. 


Number 

of  Semples 

of  Whiskey. 


Number 
ofHisoella- 

neous 
Semples. 


Arlington, 
Attleoorougb, 
Avon, 
Ayer, 
Boston,    . 
Brockton, 
Cambridge, 
Clinton,    . 
Fall  River, 
Fltchborg, 
Franklin, 
HolUston, 
Hyde  Park, 
Leominster,    . 
IfOwell,    . 
Melrose,  . 
Newton,  . 
Norwood, 
Peabody, 
Pittsfleld, 

gulncy.  . 
andolpta. 
Revere,  . 
Salem. 
Swansea, 
Wakefield, 
Warebam, 
WeUesley. 
Winchendon, . 

Totals, 


2 

1 
2 


6 


1 
1 


6 
8 


26 


1 
1 
2 


2 

11 
1 


1 

1 


1 
2 

2 

8 

2 

2 


41 


2 

1 
6 

2 

15 
I 
8 
7 
4 

1 
8 

1 
8 


1 
14 
11 

1 


81 


60 


5 
6 


70 


4 

1 


2 


1 
2 


18 


Deducting  from  the  total  the  samples  of  whiskey,  which  were  not  sent 
in  as  a  rule  for  purposes  of  prosecution,  but  because  of  the  supposed 
existence  of  harmful  adulterants,  of  the  173  samples  of  liquors  remaining, 
129,  or  about  75  per  cent.,  were  sold  in  no-license  towns,  and  contained, 
ou  analysis,  more  than  1  per  cent,  of  alcohol.  The  larger  proportion  of 
these  were  prosecuted ;  just  how  many,  the  analyst  has  no  means  of  ascer- 
taining, because  in  the  larger  number  of  these  cases  the  analyst's  certificate 
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of  analysis  is  accepted  as  evidence,  and  he  is  not  notified  of  the  disposition 
of  the  case.  This  is  not  always  true,  however,  and  the  analyst  has  been 
summoned  into  court  during  the  year  on  cases  brought  for  prosecution  for 
liquor  seized  in  the  following  places:  Attleborough,  Boston,  Brockton, 
Clinton,  Revere,  Salem  and  Wakefield.  Besides  these,  a  number  of 
appealed  cases  requiring  personal  attendance  were  brought  in  the  superior 
courts  of  Norfolk,  Plymouth  and  Suffolk  counties. 

Among  the  miscellaneous  liquors  examined  were  7  samples  of  Jamaica 
ginger  high  in  alcohol,  sold  as  a  beverage  ;  1  sample  of  essence  of  pepper- 
mint, also  sold  as  a  beverage,  containing  60  per  cent,  of  alcohol ;  4  sam- 
ples of  rectified  alcohol,  ranging  from  50  to  80  per  cent,  by  volume ;  and 
a  peculiar  sample  of  ^' mixed  liquors,"  seized  in  Cambridge.  This  latter 
sample  was  found  in  a  kitchen  bar-room,  and  at  the  time  of  the  raid,  the 
owner  of  the  liquor,  surprised  by  the  advent  of  the  oflScers,  threw  the 
bottle  of  whiskey  into  a  pot  containing  corned  beef  and  cabbage  boiling  upon 
the  stove.  The  bottle  naturally  broke,  and  the  resulting  liquor  that  the 
oflScers  seized  and  brought  in  for  analysis  was  found  to  contain  5.78  per 
cent,  of  alcohol. 

The  purpose  of  the  act  which  authorizes  the  Board  of  Health  to  analyze 
these  liquors  has  been  solely  to  establish  the  percentage  of  alcohol,  as 
determining  whether  or  not  a  liquor  may  be  sold  in  a  no-license  locality. 

A  number  of  city  and  town  authorities,  filled  with  the  popular  belief 
that  adulterated  liquors  contain  poisonous  ingredients,  the  effect  of  which 
was  to  greatly  increase  intemperance  far  in  excess  of  that  caused  by  pure 
liquor,  have  requested  analyses  for  such  poisons. 

Highest  authorities  are  agreed  that  nothing  in  whiskey  exercises  so 
marked  toxic  effects  as  the  alcohols  which  they  naturally  contain ;  that 
there  are  no  authentic  instances  on  record  of  the  presence  in  whiskies  of 
substances  more  poisonous  than  the  alcohols;  that,  while  most  of  the 
whiskies  are  adulterated,  the  chief  adulterants  are  water  and  sugar,  with 
the  result  that  as  a  matter  of  fact  those  liquors,  weak  in  alcohol,  are  less 
potent  from  a  temperance  stand-point  than  are  the  pure  liquors  conforming 
to  the  standard  of  the  Pharmacopceia. 

A  large  number  of  samples  of  whiskey  have  been  tested  in  this  laboratory 
for  wood  alcohol,  and  in  no  case  has  this  adulterant  been  found  present. 
In  this  connection,  60  samples  of  the  cheapest  whiskey  which  the  saloons 
of  Boston  could  supply  were  sent  in,  by  order  of  the  police  authorities; 
and,  on  account  of  the  interesting  nature  and  source  of  these  liquors,  an 
exception  was  made  in  this  case,  and  a  more  complete  analysis  than  usual 
of  these  samples  was  made. 

Of  the  samples  examined,  all  but  2  failed  to  conform  to  the  required 
standard  of  the  Pharmacopoeia  in  amount  of  alcohol  (50  to  58  per  cent, 
by  volume).  As  regards  their  content  in  alcohol,  the  liquors  stood  as 
follows :  — 
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Samples  containing  from  50  to  55  per  cent,  alcohol, 8 

Samples  containing  from  45  to  50  per  cent,  alcohol, 14 

Samples  containing  from  40  to  45  per  cent,  alcohol, 40 

Samples  containing  from  85  to  40  per  cent  alcohol, 2 

Samples  containing  from  30  to  35  per  cent,  alcohol, 1 

Samples  containing  from  25  to  80  per  cent,  alcohol, 1 

60 

Most  of  these  liquors  were  found  to  be  adulterated,  but  the  chief  adul- 
terants were  water  and  sugar,  and  no  poisonous  substances  foreign  to  whis- 
key were  found.  In  fact,  a  large  proportion  of  the  liquors  were  found  to 
be  of  the  so-called  ** blended"  or  **  rectified"  variety,  made  of  cologne 
spirit  colored  with  caramel,  often  watered,  and  containing  in  some  cases 
such  artificial  fruit  essences  as  cBnanthic  and  pelargonic  ethers,  added  for 
flavor.  The  **  rectified "  variety  of  whiskey  often  contains  no  fusel  oil. 
Several  samples  contained  raw  or  unaged  whiskey,  with  notable  traces  of 
the  fusel  oil  which  exists  in  nearly  all  pure  whiskey,  even  when  aged.  In 
fact,  nothing  was  found  in  any  of  the  samples  more  harmful  than  the  alco- 
hols which  are  found  in  the  purest  whiskey ;  and,  as  shown  above,  most  of 
the  samples  were  weak  in  alcohol.  Every  sample  was  carefully  tested  for 
the  presence  of  wood  alcohol,  and  no  traces  of  this  poisonous  substance 

were  found. 

Respectfully  submitted, 

ALBERT  E.  LEACH, 

AncUyst. 
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A  Method  for  the  Detection  and  Determination  of 
Methyl  Alcohol  in  Alcoholic  Solutions. 


By  Albert  £.  Leach  and  Hermann  C.  Ltthqoe. 


PRELIMINARY  PAPER. 

The  use  of  wood  alcohol  in  various  preparations  which  come  within  the 
domain  of  the  pablic  analyst  for  examination  is  apparently  on  the  increase. 

In  Michigan,  out  of  160  samples  of  lemon  extract  examined  during 
1904,  56,  or  35  per  cent.,  were  found  to  contain  methyl  alcohol  in  varying 
amounts.  Besides  these,  methyl  alcohol  was  found  in  Michigan  in  vanilla 
extract,  wintergreen,  peppermint,  orange,  almond,  and  various  artificial 
fruit  extracts.  These,  however,  were  for  the  most  part  put  up  by  local 
Western  manufacturers,  and  were  brands  not  found  on  sale  in  Massa- 
chusetts. 

In  our  own  State,  while  we  have  found  methyl  alcohol  in  various  phar- 
maceutical preparations  for  external  use,  such,  for  example,  as  tincture  of 
iodine,  we  have  found  it  in  only  two  instances  in  food,  viz.,  in  orange  and 
lemon  extracts. 

Existing  methods  for  the  detection  of  wood  alcohol  are,  with  one  or  two 
exceptions,  unsatisfactory.  Most  of  the  older  methods,  such,  for  example, 
as  the  potassium  permanganate  test,  depend  upon  the  presence  of  acetone 
in  the  methyl  alcohol.  With  the  improved  refining  processes  used  at  the 
present  day,  wood  alcohol  is  readily  obtainable  free  from  more  than  traces 
of  acetone.  The  most  practical  method  hitherto  used  for  the  detection  of 
methyl  alcohol  is  that  of  Mulliken  and  Scudder,*  which  depends  on  the 
oxidation  of  the  methyl  alcohol  in  the  sample  to  formaldehyde  by  the  use 
of  a  red-hot  spiral  of  copper  wire,  using  the  hydrochloric  acid  and  milk 
test  for  the  detection  of  the  formaldehyde  formed. 

Methods  for  quantitative  determination  of  wood  alcohol  are  even  more 
rare.  Dupreyt  has  suggested  a  method  of  concentrating  the  alcohol  by  re- 
peated distillation,  after  which  part  of  the  final  distillate  is  oxidized  to 
acetic  acid,  the  latter  being  titrated  with  alkali,  while  the  alcohol  is  de- 
termined in  the  other  portion  of  the  distillate  from  the  specific  gravity. 
Both  methods  with  pure  ethyl  alcohol  should  give  concordant  results, 

*  American  Chemical  Journal,  24  (1900)  p.  444.  f  Analyet,  I,  4. 
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whereas  in  the  presence  of  methyl  alcohol,  a  lower  result  is  obtained  b;  the 
oxidation  process. 

The  specific  gravity  of  absolute  methyl  and  ethyl  aloohol  is  practically 
identical,  and  it  is  also  true  that  when  mixed  with  varying  proportions  of 
water,  the  speciQc  gravity  of  both  alcohols  is  so  nearly  the  same  (with  the 
same  proportions  of  water  in  each)  that  the  same  tables  for  computation  of 
percentage  of  alcohol  from  the  epeciOc  gravity  may  be  used  in  one  case  aa 
in  the  other. 


One  of  the  most  important  physical  constants,  however,  which  we  have 
fonnd  to  differ  most  widely  in  the  two  alcohols,  is  the  index  of  refraction ; 
and  it  is  on  this  property  that  ne  base  our  method  for  the  detection  and 
determination  of  methyl  alcohol. 

We  use  for  this  purpose  the  immersion  refractometer  of  Zeiss,  as  shown 
in  the  accompanying  figure.  This  is  the  eame  instrument  used  by  us  for 
the  detection  of  watered  milk  as  described  in  our  report  for  1903. 

To  illustrate  the  wide  difference  in  refraction  between  the  two  alcohols, 
the  strongest  commercial  ethyl  alcohol  found  on  the  market  (the  alcohol 


344 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


of  the  United  States  Pharmacopoeia,  which  contains  91  per  cent,  of  absolute 
alcohol  by  weight)  gives  a  reading  with  the  immersion  refractometer  of 
98.8  at  20°  C. ;  while  the  reading  of  methyl  alcohol  of  91  per  cent,  strength 
by  weight  is  14.9.  Fifty  per  cent,  ethyl  alcohol  by  weight  has  a  refrac- 
tion on  the  immersion  refractometer  of  90.3 ;  while  the  same  strength  (50 
per  cent.)  of  methyl  alcohol  refracts  on  the  instrument  at  39.8. 

From  this  wide  variation  it  is  readily  seen  that  there  is  no  trouble  in  de- 
tecting even  small  amounts  of  methyl  alcohol  in  mixtures.  The  following 
table  shows  the  refractometer  readings  of  varying  strengths  of  both  ethyl 
and  methyl  alcohol,  all  readings  being  made  at  20° :  — 

Refraction  of  Ethyl  and  Methyl  AlcahoL 
[Seale  of  Zeiss  immerslozi  refractometer  at  80^  C] 


Per  Cent. 

BcALB  RBADnro. 

Per  Cent. 
Alcohol 

by 
Weight. 

BcALS  RniiDiiie. 

Per  Cent. 
Aloohol 

by 
Weight. 

SCiLLS  RBAOnfO. 

Alcohol 

by 

Weight. 

Methyl 
Alcohol. 

Ethyl 
Alcohol. 

Methyl 
Alcohol. 

Bthyl 
Alcohol. 

Methyl 
AloohoL 

Ethyl 
AloohoL 

0 
6 
10 
15 
20 
26 
80 

14.5 
17.2 
20.2 
23.2 
26.5 
29.7 
82.8 

14.6 
22.3 
31.4 
40.6 
60.6 
60.1 
69.0 

86 
40 
46 
60 
66 
60 
65 

86.8 
88.1 
89.4 
89.8 
89.4 
87.9 
85.6 

76.8 
81.8 
86.2 
90.3 
98.6 
96.2 
98.8 

70 
76 
80 
86 
90 
96 
100 

88.0 
».7 
26.0 
21.8 
16.1 
9.6 
2.0 

100.0 

101.0 

100.7 

100.1 

98.6 

95.7 

91.0 

The  difference  in  refraction  between  the  two  alcohols  varies  considerably 
for  different  strengths.  In  the  case  of  methyl  alcohol,  starting  at  zero  (or 
water  containing  no  alcohol),  at  which  the  reading  on  the  refractometer  at 
20°  is  14.5,  the  refraction  gradually  increases  with  increasing  strength  of 
methyl  alcohol  up  to  about  50  per  cent,  of  the  latter  by  weight,  where  the 
refraction  reaches  its  maximum,  after  which  for  higher  strengths  of  methyl 
alcohol  it  drops  quite  rapidly,  until  at  100  per  cent,  the  refraction  is  but  2.0. 

In  the  case  of  ethyl  alcohol,  starting  as  before  with  pure  water,  and  in- 
creasing the  strength  of  tlie  solution,  the  refraction  increases  quite  rapidly 
up  to  solutions  of  about  75  per  cent,  strength,  where  it  then  drops  slightly, 
but  by  no  means  to  such  an  extent  as  in  the  case  of  wood  alcohol.  It  will 
thus  be  seen  that  by  far  the  widest  variations  in  refraction  between  the  two 
alcohols  take  place  above  50  per  cent,  in  strength. 

The  detection  of  wood  alcohol  by  this  method  is  comparatively  simple, 
and  consists  simply  in  submitting  to  refraction  by  the  immersion  refracto- 
meter the  distillate  which  one  makes  for  the  determination  of  ethyl  alcohol 
in  the  regular  manner  in  alcoholic  beverages,  essences,  tinctures,  extracts, 
or  whatever  may  be  the  nature  of  the  substance  to  be  examined.  If  the 
refraction  of  the  liquid  shows  the  percentage  of  alcohol  agreeing  with  that 
obtained  from  the  specific  gravity  in  the  regular  manner,  it  may  safely  be 
assumed  that  no  methyl  alcohol  is  present.     If,  however,  an  appreciable 
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amoant  of  methyl  alcohol  is  present,  the  low  refractometer  reading  will  at 
once  indicate  the  fact.  Not  only  can  methyl  alcohol  be  thus  readily  de- 
tected, bnt  the  amount  may  be  approximately  calculated.  Addition  of 
methyl  to  ethyl  alcohol  decreases  the  refraction  in  direct  proportion  to 
the  amount  present.  Hence  the  quantitative  calculation  may  be  readily 
made  by  interpolation,  using  the  figures  for  pure  ethyl  and  methyl  alcohol 
of  the  same  alcoholic  strength  as  the  sample.  The  degree  of  accuracy  of 
this  calculation  varies  with  the  strength  of  alcohol.  For  instance,  with  an 
alcoholic  strength  of  10  per  cent,  there  is  less  exactness  than  at  50  per 
cent,  strength,  where  1  per  cent,  of  methyl  can  be  readily  determined. 
From  this  point  on  the  delicacy  of  the  process  naturally  increases,  until  at 
90  per  cent,  strength  .1  per  cent,  of  methyl  alcohol  may  be  determined  with 
accuracy. 

The  following  table  shows  the  readings  on  the  immersion  refractometer 
at  20°,  corresponding  to  each  percentage  of  alcohol  from  1  to  50  by  weight, 
all  readings  being  taken  at  exactly  20°  C.  This  table  will  show  at  a  glance 
whether  a  solution  of  given  strength  of  alcohol,  as  determined  from  the 
specific  gravity,  contains  ethyl  or  methyl  alcohol,  or  is  a  mixture  of  the  two. 


Scale  Reading  on  Zeiss  Immersion  Befraclomeler  Corresponding  to  Each  Per  Cent, 
of  Methyl  and  Ethyl  Alcohol  from  0  to  50  Per  Cent.  20""  C. 


FwCent. 

SCAUI  BBADIXe. 

Per  Gent. 
Alcohol 

by 
Weight. 

BCALS  Rmadixo. 

Per  Cent. 
Alcohol 

by 
Weight. 

BcALi  RsADnro. 

Alcohol 

by 
Weight. 

Methyl 
Alcohol. 

Bthyl 
Alcohol. 

Methyl 
Alcohol. 

Bthyl 
AlcohoL 

Methyl 
Alcohol. 

Bthyl 
Alcohol. 

0 

1 

2 

8 

4 

6 

« 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

14.6 
14.8 
16.4 
16.0 
16.6 
17.S 
17.8 
18.4 
19.0 
19.6 
20 .2 
20.8 
21.4 
22.0 
22.6 
28.2 
28.9 

14.6 
16.0 
17.6 
19.1 
20.7 
22.8 
24.1 
26.9 
27.8 
29.6 
81.4 
88.2 
86.0 
86.9 
88.7 
40.6 
42.6 

17 
18 
19 
20 
21 
22 
28 
24 
26 
28 
27 
28 
29 
80 
81 
82 
88 

24.6 
26.2 
26.8 
26.6 
27.1 
27.8 
28.4 
29.1 
29.7 
80.8 
80.9 
81.6 
82.2 
82.8 
83.6 
34.1 
84.7 

44.6 
46.6 
48.6 
60.6 
62.4 
64.8 
66.8 
68.2 
60.1 
61.9 
68.7 
66.6 
67.2 
69.0 
70.4 
71.7 
73.1 

84 
86 
86 
87 
88 
89 
40 
41 
42 
48 
44 
46 
46 
47 
48 
49 
60 

86.2 
85.8 
86.8 
86.8 
87.8 
87.7 
88.1 
88.4 
88.8 
89.2 
89.8 
89.4 
89.6 
89.6 
89.7 
89.8 
89.8 

74.4 
76.8 
76.9 
78.0 
79.1 
80.2 
81.8 
82.8 
88.8 
84.2 
86.2 
86.2 
87.0 
87.8 
88.7 
89.6 
90.8 
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K-EPORT 


UPON  THB 


Production,  Distribution  and  Use  of  Diphtheru 

Antitoxin 


FOB  TBS 


Half-year  ended  Sept.  80,  1904. 


The  followiDg  report  covers  only  the  period  from  April  1,  1904,  to  Sept. 
30,  1904,  iDclusive,  the  preceding  six  months  having  been  incladed  in  the 
report  for  1903.  The  change  is  made  in  order  to  secure  uniformity  in  the 
periods  covered  by  the  reports  of  the  various  departments  of  the  Board. 

The  production  of  diphtheria  antitoxin  has  continued  under  the  direction 
of  Dr.  Theobald  Smith,  at  the  Bussey  Institute.  The  distribution  has  been 
conducted,  as  before,  at  the  office  of  the  Board. 

The  total  number  of  packages  issued  by  the  Board  during  the  nine  years 
and  six  months  ending  with  Sept.  30,  1904,  was  as  follows  :  — 


In  1896-1896  (year  ending  March  81), 
In  1896-1897  (year  ending  March  31), 
In  1897-1898  (year  ending  March  31), 
In  1898-1899  (year  ending  March  31), 
In  1899-1900  (year  ending  March  81), 
In  1900-1901  (year  ending  March  31), 
In  1901-1902  (year  ending  March  81), 
In  1903-1903  (year  ending  March  31), 
In  1903-1904  (year  ending  March  31), 
During  6  months  ending  Sept.  30, 1904, 


1,724 
8,219 
4,668 
12,491 
31,997 
53,389 
40,211 
33,475 
41,133 
22,255 


bottles. 

bottles. 

bottles. 

bottles. 

bottles.* 

bottles.* 

bottles.* 

bottles.* 

bottles.* 

bottles.* 


244,562  bottles. 


The  reported  cases  of  diphtheria  in  the  State  in  the  past  six  years  (not 
deaths)  were  as  follows :  — 


1899. 7,184 

1900, 12,641 

1901 9,798 


1902, 
1903, 
1904, 


7,036 
6,988 
6,254 


•  These  numbers  baye  reference  to  the  actual  number  of  bottles  issued  in  packages  of  about 
1,600  units  each.  In  order  to  make  this  comparable  with  the  figures  of  the  first  three  years  (1895- 
1888),  a  package  of  1,000  units  should  be  employed  as  a  standard,  so  that  the  200,206  bottles  distrlb  • 
nted  during  the  preceding  flye  years  would  be  equiyalent  to  about  800,000  of  the  strength  at  first 
employed. 
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The  total  number  of  deaths  from  this  cause  in  1904  was  699,  which  is 
the  smallest  number  in  any  year  since  1870. 

Deaihr^raUfrom  Diphtheria  in  MassaehuseUs,  Forty-four  Years  (1861-1904). 


1861,  . 
1868,  . 
1868,  . 
1864,  . 
1866,  . 

1866,  . 

1867,  . 

1868,  . 

1869,  . 

1870,  . 

1871,  . 


m 


I 


|»s 


8.9 
9.S 
18.S 
16.9 
9.8 
6.4 
4.6 
6.7 
6.4 
4.6 
6.0 


Ymamm. 


I 


Hi 


1872, . 
1878,. 
1874,. 
1876,. 
1876,. 
1877,. 
1878,. 
1879,. 
1880,. 
1881,. 
1882,. 


4.9 

4.7 

6.7 

11.4 

19.6 

18.7 

14.6 

18.1 

18.4 

IB.l 

9.6 


TBABi. 


1888, . 

1886,. 
1886,. 
1887,. 
1888,. 
1889,. 
1890,. 
1891,. 
1892,. 
1898, . 


I 


8.6 
8.6 
7.8 
7.8 
7.9 
8.7 
10.2 
7.8 
6.8 
6.2 
6.8 


Ybabs. 


1894,. 
1896,. 
1896,. 
1897,. 
1898,. 
1899,. 

1901,. 
1902,. 
1906,. 
1904,. 


u 


I 


,1 


7.4 
7.1 
6.6 
6.6 
2.6 
8.7 
6.8 
4.1 
8.0 
2.8 
2.8 


10.6 

12.4 

11.0 

6.6 

9.0 

14.7 

10.9 

7.4 

7.4 

7.0 


During  the  six  months  covered  by  this  report,  922  cases  of  diphtheria 
were  treated  with  the  antitoxin  furnished  by  the  Board.  An  account  was 
kept  of  the  amount  employed  in  each  case,  with  the  exception  of  six  in 
which  the  figures  were  not  obtainable,  and  the  results  are  shown  in  the  fol- 
lowing table :  — 


AMOuirT  or  AimToznr  Used. 

Number 
of  Cases. 

Deethfl. 

AMOuirT  or  Ahtitozin  Ussd. 

Nnmber 
of  Gsaes. 

Deaths. 

Less  than  1,000  units,  . 
1,000  to  1,600  units,       . 
1.600  to  2,000  units,       . 
2,000  to  8,000  units, 
8,000  to  4,000  units. 

2 

46 
19 

60 

6 
2 

1 

4,000  to  6,000  units,     . 

6,000  to  10,000  uniU,  . 
10,000  to  16,000  units,  . 
15,000  to  20,000  units,  . 
20,000  and  more  units, 

100 
169 
128 
98 
816 

7 
8 
8 

4 
41 

In  216  reported  cases  the  amount  of  antitoxin  administered  was  less 
than  5,000  units  in  each  case,  and  in  700  reported  cases  the  dose  was 
5,000  units  or  more.  Of  these  latter,  in  531  cases  the  dose  was  not  less 
than  10,000  units,  and  in  815  cases  it  was  not  less  than  20,000  units. 

The  serum  was  distributed  to  local  boards  of  health,  to  hospitals,  and  to 
practitioners  in  113  cities  and  towns,  21  of  which  used  more  than  100 
bottles  each.     The  following  table  shows  the  distribution :  — 
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Number  of  BoUUs  of  D^Mheria  AtUOoxin  distributed  from  ApHl  1, 1904,  to 

8ept,  30, 1904. 


GiTT  OB  Towir. 


Number 

of 
Bottles. 


Adams 

Agawam, 

Amesbury, 

AndoTer, 

Arlington, 

Attleborongh, 

Bedford, 

Beverly, 

Blacketone,      • 

Boston:  — 

Children's  Hospital 

City  Hospital 

General  supply 

Massachusetts  Charitable  Eye  and 

Ear  Inflrmary. 
Uassachusetts  General  Hospital, 

Massachusetts  HomoBopathlc  Hospl. 

tal. 
Saint  Mary's  Infant  Asylam, 

Sctaoolship  "  Enterprise,"  . 

West  End  Nursery,      .       .       .       . 

Bralntree, 

Brockton 

Brookllne 

Cambridge, 

Hospital, 

Canton, 

Chelsea 

Cheshire 

Chlcopee, 

Clinton 

Cohasset, 

Colrain, 

Concord, 

Danvers 

Dedham,  

DIghton, 

Dnxbury 


80 
60 

6 
60 
12 

6 
12 
28 
80 

701 

10,578 

2,887 

12 

80 

875 

25 

12 

60 

24 

187 

200 

360 

75 

6 

187 

6 

24 

72 

12 

4 

24 

86 

6 

18 

4 


GiTT  OB  Toirv. 


Easton,     . 
Everett,    . 
Fall  River, 
Fltchburg, 
Foxborough,    . 
Framingham,  . 
Franklin,  . 
Georgetown,    . 
Gloucester, 
Haverhill, 
Holbrook, 
Holyoke,  . 
Hopedale, 
Hopkinton, 
HuU, 

Burrage  Hospital, 
Huntington,     . 
Hyde  Park, 
Lawrence, 
Lenox, 

Leominster,     . 
Lexington, 
Lowell,     . 
Ludlow,    . 
Lynn, 
Maiden,    . 
Mansfield, 
Marblehead,     . 
Marlborough,  . 
Maynard, 
Medfleld,  . 
Medford,  . 
Medway,  . 
Melrose,    . 
Methuen,  . 
Milford,    . 


Number 

of 
Bottles. 


6 

80 

175 

87 

18 

18 

9 

6 

100 

86 

12 

100 

24 

18 

10 

8 

6 

86 

825 

6 

6 

6 

600 

9 

501 

87 

6 

78 

25 

8 

9 

96 

24 

86 

27 

48 
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Number  of  BoUUs  of  Diphtheria  AtUiloxin  dislribtUedfrom  April  i,  1904,  to 

Sept.  30, 1904  —  Concluded. 


City  ob  Town. 


MlUlB, 
Milton,      . 
Natlck,      . 
New  Bedford,  . 
Newburyport,  . 
Newton,    . 
North  Adams,  . 
North  Andover, 
North  Brookfleld, 
Northampton,  . 
Norton,     . 
Norwell,    . 
Norwood, 
Palmer,     . 
Peabody, . 
Plttsfleld, 
Plymouth, 
Qnincy,     . 
Randolph, 
Reading,  . 
Revere, 
Rockland, 
Rockport, 
Rowley,    . 
Salem, 
SauguB,     . 
8citnate,   . 


Number 

of 
Bottles. 


10 

42 

6 

800 
49 

162 

270 
18 
8 
12 
2 
12 
61 
12 
13 

112 
12 

118 
12 
86 
ft5 
18 
87 
6 

182 

26 

6 


Cmr  oa  Towk. 


Somerrllle, 
Southbrldge,    . 
Spencer,   . 
Sprlngfleld, 
Stoneham, 
StoQghton, 
Swampecott, 
Taunton,  . ' 
Topsfield, 
Townaend, 
Wakefield, 
Waltham, 
Warren,    . 
Wayland, 
West  Springfield, 
Westfield, 
Weymouth, 
WhltinsvUle,    . 
Whitman, 
Wilbraham, 
Wilmington,     . 
Winchester, 
Winthrop, 
Woburn,  . 
Worcester, 
Total, 


Nmnber 

of 
Bottles. 


800 

187 

12 

275 

18 

18 

e 

36 
12 

e 

86 
86 

6 

6 
86 

6 
54 

6 
24 

6 
12 
24 

6 

IS 

875 


22,256 


SuMMART  Observations  upon  the  Use  of  Diphtheria  Antitoxin  in 
Massachusetts  during  the  Six  Months  ended  Sept.  80,  1904.* 

The  whole  number  of  returns  of  cases  treated  with  diphtheria  antitoxin 
furnished  by  the  State  Board  of  Health  duriDg  the  six  months  ended  Sept. 
80,  1904,  to  hospitals  and  to  local  boards  of  health  for  use  in  general  prac- 
tice, was  1,162.    Of  this  number,  922  were  returns  of  cases  of  diphtheria 


*  The  annaal  report  for  1908  contains  the  data  for  the  preceding  six  months. 
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treated  with  antitoxin,  and  240  were  returns  of  other  persons  who  had  been 
exposed  to  infection  and  were  treated  for  the  purpose  of  immnnization. 
These  cases  constitute  only  a  fraction  of  those  which  were  treated  during 
these  six  months  in  the  State  with  antitoxin  furnished  by  the  Board,  since 
very  many  physicians  failed  to  make  returns  to  the  Board. 

CcLsea  in  which  a  Bacterial  Examination  was  made. 

The  same  methods  of  classification  are  continued  in  this  report  as  were 
adopted  in  the  reports  of  the  previous  nine  years.  The  cases  in  which  cul- 
tures were  made  are  classified  into  positive  and  negative  cases.  Diagnostic 
examinations  were  made  in  888  cases  reported  to  the  Board  as  having  been 
treated  with  antitoxin,  and  of  these,  808  proved  to  be  genuine  cases  of 
diphtheria  and  30  gave  a  negative  result. 

Positive  Cases, 

Of  the  808  positive  cases,  or  those  in  which  a  diagnosis  of  diphtheria 
was  made  by  bacterial  cultures  from  the  throat  of  the  patient,  there 
were  751  recoveries  and  55  deaths,  or  6.8  per  cent. ;  the  results  of  the 
previous  years  having  been,  respectively,  18.7,  11.6,  8.2,  7.9,  11.4,  9.4, 
10.1,  9.8  and  8.1  per  cent.  In  2  cases,  whether  recovery  or  death  was  not 
stated. 

Sex,  — The  number  of  males  was  354,  and  the  deaths  of  these  were  28, 
or  7.9  per  cent.  The  number  of  females  was  452,  and  the  deaths  of  these 
were  27,  or  6  per  cent.     In  2  cases  the  sex  was  not  stated. 

Ages.  —  The  following  table  shows  the  cases  and  deaths  by  ages :  — 

Six  Months  ended  Sept.  30, 1904. 


Csaes. 

Deaths. 

Fatality  (Pbb  Cbnt.). 

Aos  PniODB. 

It04. 

1»0S. 

From  0  to  2  yean, 

From  S  to  6  years, 

From  6  to  10  years, 

Over  10  years, 

Age  unknown, 

57 
242 
280 
206 

28 

9 
25 
16 

6 

16.8 

10.8 

5.7 

2.4 

26.8 

IB.O 

6.9 

2.4 

10.8 

806 

fi6 

6.8 

8.1 

Day  oj  Illness  when  Antitoxin  was  first  administered.  —  The  following 
table  presents  the  fatality,  according  to  the  day  of  illness  on  which  the 
antitoxin  was  first  administered :  — 
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• 

1 

• 

1 

Fatalitt  (Pbb  Cbmt.)* 

Day. 

1»04.* 

1»0S. 

19«S. 

lAOl. 

!•••. 

18M. 

IMS. 

1897. 

I8»«. 

ISM. 

First,  . 

74 

2 

2.7 

3.3 

9.8 

9.5 

6.4 

9.8 

8.2 

8.0 

0.0 

0.0 

Second, 

218 

5 

2.8 

4.0 

6.7 

6.7 

6.0 

6.6 

1.8 

8.9 

9.6 

9.7 

Third, 

188 

16 

8.6 

6.2 

6.5 

9.4 

7.7 

12.8 

6.2 

7.0 

8.8 

8.7 

Fourth, 

HI 

9 

8.1 

12.1 

12.7 

12.6 

11.8 

14.1 

13.2 

3.0 

22.7 

16.4 

Fifth,  . 

64 

4 

7.4 

17.7 

19.0 

17.0 

14.8 

16.6 

11.8 

11.8 

0.0 

22.2 

Sixth, 

25 

1 

4.0 

10.0 

18.0 

16.0 

21.1 

17.9 

20.0 

0.0 

14.3 

90.0 

Seventh, 

11 

6 

28.6 

13.0 

16.4 

18.4 

18.7 

27.1 

9.6 

30.0 

26.0 

88.8t 

Blghth  and  later, 

48 

4 

8.8 

8.6 

17.8 

18.6 

16.8 

14.7 

10.4 

18.6 

16.6 

- 

Unknown, . 

09 

8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

*  six  months  onlv. 


t  Seventh  day  and  later. 


The  value  of  the  foregoing  table  consists  mainly  in  the  definite  state- 
ment of  the  fatality  of  cases  accordiog  to  the  day  of  illness  at  which  anti- 
toxin treatment  was  begun.  In  general,  it  shows  that  the  ratio  of  success 
in  treatment  depends  largely  upon  the  early  date  at  which  antitoxin  is  first 
administered.  A  fuller  and  more  conclusive  summary,  embracing  the 
whole  period  of  nine  years  and  six  months,  and  containing  greater  num- 
bers, may  be  found  on  a  later  page. 

The  cases  in  which  antitoxin  treatment  was  begun  either  upon  the  first, 
second  or  third  days  of  illness  constituted  59.4  per  cent,  of  the  whole  num- 
ber of  positive  cases  reported  to  the  Board  to  which  antitoxin  was  admin- 
istered during  the  six  months  under  consideration. 


Hospitals  and  PrivcUe  Practice, 


Fatality 

(Per  Cent.). 


In  hospitals, 

In  private  practice. 


6.8 
7.1 


SeasoTM  of  the  Tear.  —  The  cases  embraced  in  the  foregoing  ehumera- 
tion  occurred  in  the  following  order :  — 


HOKTBB. 

CMes. 

Deaths. 

Months. 

Cases. 

Deaths. 

April, 

May, 

June, 

1»04. 

■  «                 ■                 ■ 

•  •                 •                 • 

•  •                 •                 • 

■  ■                 •                 • 

144 

184 

186 

96 

8 
16 

8 

7 

1904. 

August,  .... 

Septeml)er, 
Not  stated. 

128 
126 

1 

0 

8 

July, 

808 

65 
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Negative  Cases, 

The  reported  cases  in  which  a  negative  result  was  obtained  were  30,  and 
the  deaths  of  these  were  2,  or  6.7  per  cent. 

Sex. — The  males  were  9,  with  2  deaths,  or  22.2  per  cent.;  and  the 
females  were  21,  with  no  deaths. 

Age.  —  The  percentage  of  fatality  at  each  of  foar  age  periods  was  as 
follows  :  0  to  2  years,  7  cases,  with  no  deaths ;  2  to  5  years,  4  cases,  with 
1  death,  or  25  per  cent. ;  5  to  10  years,  5  cases,  with  1  death,  or  20  per 
cent. ;  and  all  over  10  years,  14  cases,  with  no  deaths. 

Summary  of  the  Nine  Years  and  Six  Months  ended  Sept.  30,  1904. 

Poeitive  Cases  treated  with  Antitoxin, 

Whole  number  of  positive  cases  for  the  nine  yeara  and  six  months, 
13,753  ;  deaths,  1,316  ;  fatality,  9.6  per  cent. 
Sex.  —  The  fatality  by  sexes  was  as  follows ;  — 


Sbz. 


CMes. 


Deaths. 


FataUty 
(Per  Cent.). 


Males,  . 
Females, 
Not  suted, 


6,464 

7,206 

94 


668 

642 

16 


10.3 
8.9 


Ages.  —  The  fatality  by  ages  was  as  follows :  — 


Agb  Pbsioos. 


Cases. 


Deaths. 


Fatality 
(Per  Cent.). 


0  to  2  yean, 
3  to  5  years, 
6  to  10  years, 
Over  10  years, 
Age  unknown. 


1,484 
4,848 
4,068 
8,661 
462 


818 
688 
288 
136 
67 


22.2 

12.6 

7.0 

8.6 


Hospitals  and  Private  Practice. 


Gases. 


Deaths. 


Fhtallty 
(Per  Cent.). 


In  hospitals, 

In  private  practice, 

Not  stated,   . 


9,966 

8,786 

13 


1,042 
274 


10.4* 

7.2* 


*  This  apparent  difference  in  the  fatality  of  hospital  and  of  general  or  outside  treatment  with 
antitoxin  is  accounted  for  by  the  fttct  that  a  considerable  number  of  severe  and  fatal  cases  of 
diphtheria,  which  were  treated  by  physicians  in  general  practice,  were  reported  as  having  been 
tnnsferrea  to  a  hospital  after  one  or  more  days  of  home  treatment,  and  died  at  the  hospital. 
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Gases  in  which  no  Bacteriological  Examination  was  made  during  the  Six 

Months  ended  Sept.  30,  1904. 

Reports  were  received  of  84  cases  where  antitoxin  was  employed  in 
wliich  no  cultures  were  taken.  Of  this  number,  68,  or  81  per  cent., 
occurred  in  general  practice,  and  the  remainder  were  reported  from  hos- 
pitals.    Of  the  whole  number,  11  proved  fatal,  or  13.1  per  cent. 

Sex,  —  The  number  of  males  in  this  class  was  36,  and  the  deaths  of 
these  were  6,  or  16.7  per  cent.  The  number  of  females  was  46,  and 
the  deaths  of  these  were  5,  or  10.9  per  cent.  The  number  of  those  whose 
sex  was  unknown  or  not  stated  was  2. 

Age. — The  following  table  presents  the  cases  and  fatality  by  ages 
among  this  class  so  far  as  observations  were  made  :  — 


AOB  PUIODS. 


Caaet. 


Deaths. 


FMaUty 
(Par  Cent.). 


From  0  to  2  years, 
From  2  to  6  years, 
From  5  to  lU  years. 
Over  10  years, 


5 
28 
27 
24 


2* 

8t 


40.0 
28.4 

4.2 


*  One  case  showed  marked  prostration. 

t  One  case  showed  septic  condition;  1  marked  prostration,  and  1  was  moribund. 

Sequels. 

Temporary  skin  eruptions,  usually  of  brief  duration,  are  of  very  common 
occurrence  after  the  administration  of  antitoxin.  Frequently  these  erup- 
tions are  quite  mild,  and  confined  to  a  small  area  adjoining  the  place  of  in- 
jection, while  occasional  instances  occur  in  which  the  eruption  spreads 
throughout  the  entire  surface  of  the  body,  or  at  least  a  portion  of  its  area. 

During  the  six  months  under  consideration  such  eruptions  or  rashes  are 
reported  as  occurring  in  455  instances,  or  49.3  per  cent,  of  the  whole  num- 
ber reported  upon.  Of  this  number,  95  per  cent,  were  mild  in  character, 
and  the  remainder  severe  or  extensive. 

Albuminuria  was  reported  in  38  instances,  of  which  85  were  slight,  or 
consisted  of  a  trace  only.  The  presence  of  albuminuria,  however,  has  no 
significance  as  relating  to  the  administration  of  antitoxin,  since  albuminuria 
is  present,  according  to  good  authorities,  in  the  majority  of  severe  cases  of 
diphtheria.* 

Operations. 

Tracheotomy,  an  operation  which  was  once  quite  commonly  resorted  to 
in  severe  cases  of  laryngeal  diphtheria,  appears  to  have  been  largely  sup- 
planted by  the  more  safe  and  simple  operation  of  intubation.  It  is  reported 
as  having  been  performed  4  times,  with  3  deaths. 


*  Osier's  '*  Practice  of  Medicine,"  second  edition,  pa^e  116. 
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Intabation  is  reported  as  haviDg  been  performed  61  times,  with  15 
deaths,  or  24.6  per  cent* 

The  different  diseases  which  are  met  with  as  complications  of  diphtheria 
independently  of  the  use  of  antitoxin  appear  to  depend  for  their  frequency 
largely  upon  the  relative  prevalence  of  these  diseases  throughout  the  State. 
In  the  six  months,  April  1  to  Sept.  30,  1904,  scarlet  fever  was  reported  as 
a  complication  in  3  instances  and  measles  in  2.  During  the  year  1903  the 
figures  were :  for  scarlet  fever,  28 ;  and  for  measles,  10  instances.  In 
most  cases  the  complication  adds  to  the  severity  of  the  cases  and  increases 
the  fatality,  but  not  to  so  great  an  extent  as  when  pneumonia  supervenes. 
Pneumonia  and  broncho-pneumonia  were  reported  as  complications  in  10 
cases,  6  of  which  proved  fatal. 

The  most  important  lesson,  repeated  in  former  reports,  to  which  the  ex- 
perience of  each  successive  year  adds  emphasis,  is  the  necessity  of  the  early 
administration  of  antitoxin  in  each  and  every  case. 

Immunization. 

Returns  of  cases  in  which  antitoxin  had  been  used  for  the  purpose  of  the 
immunization  of  persons  who  had  been  exposed  to  the  infection  of  diph- 
theria were  received  in  240  cases.  Of  this  number,  227  had  been  exposed 
to  diphtheria,  and  had  been  immunized  in  the  isolation  wards  of  the  Boston 
City  Hospital,  and  chiefly  in  the  scarlet-fever  ward. 

Gbnbral  Summary,  1896-1904. 

Positive  cases  treated  in  the  nine  years  and  six  months  ended  Sept.  80, 

1904,  and  reported  to  the  State  Board  of  Health, 18,758 

Cases  in  which  no  bacteriological  examination  was  made,       .  8,858 

Total, 17,111* 

Deaths  of  these, 1,742 

Fatality  (per  cent.) 10.2 

Seoses, 

The  number  of  males  who  were  treated  was  f 7,965 

The  number  of  females  who  were  treated  was  f       .        .        .        .  8,975 

The  number  whose  sex  was  not  stated  was  t 171 

Total 17,111* 

Deaths  of  males, 865 

Fatality  of  males  (per  cent), 10.9 

Deaths  of  females, 852 

Fatality  of  females  (per  cent), 9.6 

Deaths,  sex  not  stated, 26 

*  In  tills  Dumber  (17»111),  1,686  cases  In  which  a  bacterial  diagnosis  showed  negative  results 
ve  not  indnded,  so  that  the  whole  number  treated  with  antitoxin  of  which  returns  were  made  to 
the  Board  was  18,704. 

t  Bzoept  cases  determined  to  be  "  negative." 
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The  following  table  contains  the  results  of  those  cases  only  which  had 
been  determined  by  a  culture  examination  to  be  positive,  with  reference  to 
the  fatality  of  the  disease  in  each  group  of  cases,  considered  in  relation  to 
the  stage  of  the  disease  when  antitoxin  was  first  administered. 

Nothing  can  be  more  conclusive  than  the  cumulative  testimony  of  these 
figures,  supported,  as  they  are,  by  similar  experience  elsewhere,  as  to  the 
importance  of  the  earliest  possible  administration  of  antitoxin  in  the  treat- 
ment of  diphtheria.  Each  day's  delay  renders  the  liability  to  a  fatal  result 
greater. 

The  fatality  of  the  cases  which  were  treated  with  antitoxin  very  early  in 
the  course  of  the  disease  (that  is,  before  the  termination  of  forty-eight 
hours  from  its  onset)  was  only  6.2*  per  cent.,  or  842  deaths  in  5,483  cases ; 
while  that  of  the  cases  which  were  not  thus  treated  until  the  sixth  day  or 
later  was  as  high  as  17  per  cent.,  or  nearly  three  times  as  great. 

Day  of  Adminutration. 


DAT. 


Deatht. 


FateUty 

(Per  Cent.)- 


First,  . 
Second, 
ThiPtl, . 
Fourth, 
Fifth,  . 
sixth  and  later. 


7.4 

6.8 

8.7 

12.6 

16.6 

16.6 


A  considerable  number  of  cases  and  deaths,  in  which  the  day  of  adminis- 
tration was  not  stated  in  the  returns,  is  excluded  from  this  table. 


*  The  Bum  of  the  experience  of  the  first  two  days  Is  expressed  In  this  figure. 
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Eeport  upon  Diphtheria  Cultures  examined  during 
THE  Half  Year  ended  Sept.  30, 1904. 


From  April  1  to  Sept.  80,  1904,  1,014  cultures  were  received  from  98 
towns  and  cities  in  the  State.  Of  these  cultures,  472  were  for  the  purpose 
of  diagnosis  and  542  were  for  release  from  quarantine.  The  following 
table  gives  the  number  of  cultures  received  from  the  different  towns  and 
cities  and  the  results  of  the  examinations :  — 


Cmr  OS  TowK. 


Whole 
Kmnber 

of 

Cultures 

ezmmlned. 


ActOD,    . 

Andover, 

ArllDgion, 

Athol,    . 

Attleboroogh, 

Avon,    . 

Barnstable,  . 

Bedford, 

Belchertown, 

Bomardston, 

Beyerly, 

Blackstone,  . 

BoetOD, . 

Braintree, 

Cambridge,  . 

Canton, . 

Chelsea, 

Clinton, . 

Cohasset, 

Colraln, 

Concord, 

Danyers, 

Dedham, 


1 
6 

17 
1 
6 
1 

40 
1 
2 
7 
8 
2 
] 
6 
1 
2 

83 

18 
9 
1 
8 
6 
1 


CULTUHSS  BZAMimn  FOR 

DiAONoen. 


Podtlre. 


1 
8 
8 


8 


2 


5 
7 
2 


2 


Negatire. 


2 
0 
1 
2 
1 
4 
1 
1 

8 
2 
1 
8 
1 

10 
6 
8 
1 
8 
8 
1 


Doubtful. 


Cultnres 
examined 

forReleMe 
from 

Quarantine. 


•27 


4 

3 


2 

17 

6 

4 
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CiTT  OS  Town. 


Whole 
Number 

of 

Cultures 

exMnined. 


Doxbury, 

East  Brtdgewater, 

Easton, . 

£?erett, 

Foxborough, 

FranilDgham, 

Haver  hUl,     . 

HlDgham, 

Holbrook. 

Hopklnton,    . 

HubbardstOD, 

Hull, 

Hyde  Park,  . 

Ipswich, 

Lancaster, 

Lawrence, 

Littleton, 

Lynn,     . 

Lynnfleld, 

Maiden, . 

Mansfield,     . 

Marblehead, 

Marlborough, 

Medfleld, 

Medford, 

Medway, 

Melrose, 

Methuen, 

Milford, 

Minis,    . 

Milton,  . 

Natick,  . 

Needham, 

Newbury, 

Newburyport, 

New  Marlborough, 

North  Adams, 

North  Attleborougb, 


6 
1 
8 
84 
8 
4 
8 
2 
11 
8 
1 
1 

U 
1 
1 
8 
4 
12 
1 
09 
5 
81 
16 
6 
68 
4 
10 
8 
1 
1 
28 
8 
8 
14 
18 
1 
168 
2 


CCLTITBas  BXAklHSD  VOS 
DiAOXOSU. 


PositiTe. 


1 
6 
1 


1 
1 
1 
1 


1 
1 


8 
8 

1 
6 

88 


Negatire. 


Doubtful. 


6 
1 
1 

10 
7 
4 

S 
10 

1 


2 
1 
6 
2 
10 
6 
1 
21 
1 
8 
1 
1 
1 
8 
8 
2 
2 
12 
1 
7 
2 


1 
8 


Cultures 
examined 

forReleaee 
from 

Quarantine. 


6 
19 


9 
1 


4 

10 

46 

18 
8 
4 

28 
8 
6 


12 
8 

11 
1 

186 
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_    m.. 

Whole 
Number 

of 

Culturea 

examined. 

CULTUaSS  BXAMimD  roB 
DlAOMOBU. 

Cultures 
examined 

for  Release 
from 

Quarantine. 

CiTT  Ob  xuwh. 

PoaitiTe. 

Negatire. 

Doubtful. 

Norwell, 

1 

- 

1 

- 

t 

Norwood, 

1 

- 

- 

1 

1 

Peabody. 

tt 

2 

2 

- 

18 

Plyinonth, 

3 

1 

1 

- 

- 

Princeton, 

8 

- 

2 

- 

- 

Qnincy, . 

17 

4 

8 

- 

6 

Bandolph,     . 

1 

1 

- 

- 

- 

Beading, 

6 

2 

8 

- 

1 

Reyere,  . 

11 

2 

9 

- 

- 

Rockland, 

ao 

8  , 

2 

- 

15 

Bockport, 

2 

- 

2 

- 

- 

Salein,    . 

62 

8 

11 

1 

47 

Sangus, . 

12 

1 

10 

- 

1 

Scituale, 

8 

- 

1 

- 

2 

Shirley, . 

4 

- 

4 

- 

- 

Southbridge, 

2 

- 

2 

- 

- 

Stoneham, 

1 

- 

1 

- 

- 

Stoughton,    . 

11 

1 

- 

- 

10 

3wamp8coU, 

5 

2 

- 

- 

8 

Topsfleld, 

IS 

2 

1 

- 

10 

Town  tend,    . 

8 

2 

- 

- 

1 

Wakefield,    . 

11 

2 

5 

- 

4 

Walpole, 

2 

1 

1 

- 

- 

Wareham, 

1 

- 

1 

- 

- 

Warren, 

6 

1 

2 

- 

8 

Watertown,  . 

12 

- 

4 

- 

8 

Way  land. 

2 

- 

2 

- 

- 

Westport, 

1 

- 

1 

- 

- 

Wey month,  . 

13 

2 

4 

1 

6 

Williamabnrg, 

2 

- 

- 

- 

2 

WilUamstown, 

1 

- 

1 

- 

- 

Wilmington, . 

2 

1 

1 

- 

- 

Winchendon, 

1 

- 

- 

- 

1 

Winchester,  . 

87 

6 

10 

- 

21 

Winthrop, 

2 

- 

2 

• 

- 

- 

Wobum, 

7 

- 

6 

- 

1 

Wrentham,    . 

1 

- 

1 

- 

- 

Total,   . 

1,014 

169 

800 

18 

M2 
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Relation  of  Clinical  to  Bacteriological  Diagnosis. 

Of  the  472  caltares  taken  for  diagnosis,  the  relation  of  the  clinical  to 
the  bacteriological  diagnosis  is  as  follows :  — 


Baotbeiolooical  Diaonosib. 

CLiirtcAL  DiAonotn. 

Positive. 

Negative. 

Doubtful. 

Positive  In  181  cases, 

Negative  Id  118  cases, 

Doubtful  In  126  cases, 

Not  given  in  102  cases 

76 
19 
82 
88 

61 
91 
91 
87 

5 
S 
3 
2 

Total, 

159 

800 

18 

Belation  oj  Bacteriological  Diagnosis  to  the  Day  of  taking  the  OuUure, 


Day  ov  Dibiaib  om  which  Cultubh  was  takbh. 


Bactbbiolooical  Duohobib. 


Positive. 


Negative. 


Doubtful. 


First  dav,     . 
Second  day. 
Third  day,  . 
Fourth  day. 
Fifth  day,    . 
Sixth  day,    . 
Seventh  day. 
Over  seven  days, 
Not  stated,  . 

Total,     . 


8 

62 

87 

17 

9 

6 

6 

16 

8 


169 


17 
86 
76 
80 
28 
9 
10 
19 
80 


800 


2 
2 
2 
2 

2 

2 
1 


13 


PeBSISTBNCE  OF  THE  BaCILLI  OF  DIPHTHERIA  IN  THE  ThBOATS   OF  PATIENTS 

Convalescent  from  Diphtheria. 

In  69  cases  in  which  cultures  were  made  at  intervals  of  about  a  week, 
until  a  negative  culture  was  obtained,  the  bacilli  were  last  found  on  the 
days  of  the  disease  as  indicated  in  the  following  table :  — 


Tm  or  Phhsuthhch. 

Number  of 
Cases. 

TlMB  OF  PlBSISTHirCB. 

Number  of 
Cases. 

8  days 

9  days, 

10  days 

11  days 

12  days, 

18  days,        .       .       .       .       . 

Udays, 

16  days 

16  days, 

17  days » 

18  days 

19  days 

20  days, 

21  days, 

22  days, 

28  days 

1 
4 
1 
1 
1 
1 
2 
8 
1 
7 
2 
2 
6 
6 
1 
2 

26  days, 

26  days, 

27  days 

28  days, 

29  days 

80  days, 

81  days, 

82  days, 

86  days, 

87  days, 

88  days 

48  days 

44  days 

46  days 

92  days, 

2 
6 
1 
1 
2 
2 
4 
2 
2 
1 
1 
2 
1 
1 
2 
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Summary. 

The  whole  number  of  cultures  examined  since  the  bacteriological  diag- 
nosis of  diphtheria  was  undertaken  is  as  follows :  — 

Id  1896-1897  (year  ended  March  81, 1897), 1,469 

In  1897-1898  (year  ended  March  31,  1898), 2,204 

In  1898-1899  (year  ended  March  31, 1899), 1,591 

In  1899-1900  (year  ended  March  31, 1900), 3,258 

In  1900-1901  (year  ended  March  31, 1901), .        .        .        .  .  5,173 

In  1901-1902  (year  ended  March  81,  1902), 4,119 

In  1902-1903  (year  ended  March  31, 1903), 2,904 

In  1903-1904  (year  ended  March  81, 1904), 3,632 

From  April  1  to  Sept.  30, 1904, 1,014 

Total, 25,364 

Of  these  25,864  cultures,  11,455  were  made  for  the  purpose  of  diagnosis 
and  18,909  for  release  from  quarantine.  Of  the  cultures  made  for  diag- 
nosis, 4,692,  or  about  41  per  cent.,  were  positive,  6,573  were  negative,  and 
190  were  doubtful. 
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REPORT  UPON  EXAMINATIONS  OF  SPUTUM  AND  OTHER 
MATERUL  SUSPECTED  OF  CONTAINING  THE  BACILLI 

OF  TUBERCULOSIS. 


From  April  1  to  Sept.  80,  1904,  microscopical  examination  has  been 
made  of  494  lots  of  sputum  and  other  material  suspected  of  containing  the 
bacilli  of  tuberculosis.  This  material  has  been  received  from  98  different 
cities  and  towns  in  the  State.  The  following  table  gives  the  places  from 
which  the  material  has  been  received  and  the  results  of  the  microscopical 
examinations :. — 


Whole  Number  1 

PaiMAST 

Examinations. 

1 

Whole  Nnmber 
tions. 

Pbimast 
Examinations. 

ClTT  OR  TOWK. 

i    1 

04 

} 

• 

1 

Cmr  om  Town. 

■ 
A4 

• 

i 

• 

1 

Acton,      .        .        .        . 

1                     1 

- 

- 

Concord, .... 

8 

8 

1 

- 

Adams,    . 
Ando7er, 

4           8 
1 

1 
1 

— 

Concord,  MasBachnsetts 

Reformatory. 
Danyers, .... 

18 
6 

6 
8 

8 
8 

— 

Arlington, 

8           1 

8 

- 

Dedham, 

8 

8 

6 

- 

Ashland, 

6          4 

2 

- 

Edgartown, 

1 

- 

1 

- 

Athol, 

8           2 

- 

- 

Everett,  . 

18 

10 

8 

- 

Attleborough, 

4           1 

8 

- 

Fall  Riyer, 

61 

89 

88 

- 

Barnstable, 

1           1 

- 

- 

Foxborongh,  . 

8 

8 

- 

Bedford, . 

1           1 

- 

- 

Framingham, 

6 

4 

- 

Berkley.  . 

S           8 

- 

- 

Franklin, 

1 

1 

- 

Beverly,  . 

1 

1 

- 

Freetown. 

8 

- 

- 

Blackstone, 

2 

1 

1 

Great  Banington,  . 

6 

8 

1 

Boston.    . 

6           S 

1 

- 

Greenfield. 

1 

- 

- 

Bralntree, 

6           4 

8 

- 

Groton.    . 

1 

- 

- 

Bridgewater,  . 

5           8 

8 

- 

HaYerhiU. 

1 

- 

- 

Brookiine, 

1 

1 

- 

Hingham, 

8 

8 

- 

Cambridge, 

3           1 

1 

- 

Holbrook, 

4 

8 

- 

Chatham, 

1           1 

- 

- 

Hyde  Park, 

18 

9 

- 

Chelsea,  . 

1 

1           6 

5 

- 

Ipswich,  . 

6 

8 

- 

Clinton,   . 

4           8 

8 

- 

Lawrence, 

7 

8 

- 
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1^ 

• 

Primaby 

EZAMIKATIOMS. 

Whole  Number 
of   Ezamina- 
tiona. 

Primasy 

examinationb^ 

City  om  Town. 

• 

1 

• 

1 

City  oa  Town. 

1 

• 

1 

• 

9 

1 

LexingtoD, 

6 

2 

4 

- 

Beading, . 

•               • 

6 

- 

6 

- 

Lincoln,  . 

1 

- 

1 

- 

Revere,    . 

8 

3 

S 

- 

Littleton, 

5 

6 

- 

- 

Rockland, 

6 

4 

2 

^ 

Lynn, 

3 

8 

1 

- 

Salem, 

12 

6 

6 

- 

Maiden,  . 

11 

8 

3 

- 

Scltuate,  . 

8 

2 

1 

- 

Mansfield, 

10 

6 

4 

- 

Shelbume, 

3 

1 

2 

- 

Marion,   . 

1 

1 

- 

- 

Sherbom, 

1 

1 

Marlborough, 

4 

- 

4 

~ 

Shirley,    . 

2 

1 

1 

- 

Medford, 

6 

1 

5 

- 

Spencer,  . 

2 

- 

2 

- 

Medway. 

1 

1 

- 

- 

Swansea, 

2 

- 

2 

Melrose,  . 

0 

3 

6 

- 

Taunton, 

19 

11 

7       I 

1 

Middieton, 

8 

1 

1 

- 

Topsfleld, 

2 

1 

1 
1       - 

Mllford,  . 

2 

- 

2 

- 

Wakefield, 

2 

^    - 

Millis,      . 

1 

- 

1 

- 

Walpole, . 

4 

2 

2 

Milton,     . 

8 

1 

1 

- 

Warren,  . 

1 

- 

1 

- 

Montague, 

1 

1 

- 

- 

Watertown,    . 

1 

- 

1       - 

Natlck,     . 

10 

8 

7 

- 

Wellesley, 

2 

- 

2       - 

Needbam, 

6 

1 

4 

- 

Westford, 

8 

1 

2  '    - 

New  Bedford, 

1 

1 

- 

- 

Whitman, 

2 

1 

1 

— 

Newbury  port. 

1 

1 

- 

- 

Wiillamstown, 

2 

1 

1 

- 

North  Adams, 

26 

10 

15 

- 

Winchendon,  . 

2 

- 

2 

- 

North  Attleborougl 

1.      • 

10 

4 

6 

- 

Winchester, 

6 

1 

5 

- 

Northfleld,      . 

1 

1 

- 

- 

Wlnthrop, 

2 

1 

1 

■* 

Norwood, 

4 

2 

2 

- 

Woburn, 

m 

1 

6 

— 

Peabody, 

IS 

8 

12 

- 

Worthington, . 

2 

- 

2 

"* 

Plymouth, 

8 
81 

9 

3 
22 

^ 

Wrentham, 
Total, 

2 

218 

2 

278 

- 

Quincy,    . 

494 

3 

Randolph, 

1 

- 

1 

- 
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Ages,  — The  relation  of  bacteriological  diagnoais  to  age  is  ahown  in  the 
following  table :  — 


AoB  Periods. 


Number  of 

Gmm 
examined. 


PoeiUTe. 


NegrtiTtt. 


Doubtful. 


From  0  to  10  years, 
From  10  to  80  years, 
From  90  to  SO  years, 
From  80  to  40  years, 
From  40  to  50  years, 
From  50  to  60  years. 
From  60  to  70  years. 
From  70  to  80  years, 
Age  not  stated,  . 
Total,    . 


10 
76 
160 
106 
68 
40 
16 
11 
24 


404 


81 
46 
17 
18 
4 

11 


813 


0 
86 
78 
60 
86 
88 
18 

8 
12 


878 


1 
1 


8 


Sex,  —  The  relation  of  bacteriological  diagnosis  to  sex  is  shown  in  the 
following  table :  — 


Baotbeiolooical  DiAetrosD. 

Positive  cases 

Negative  cases, 

Doubtful  cases, 

ToUl, 


Total. 


Females. 


Bex  not 


218 

278 

8 


494 


106 

182 

2 


840 


96 

141 

1 


240 


0 
6 


14 


Clinical  Diagnosis,  —  The  relation  of  bacteriological  to  clinical  diagnosis 
is  as  follows :  — 


Clikical  Diaomosu. 


BAOTBEIOLOeiCAL  DiAeiToeis. 


Positive. 


Negative. 


Doubtful. 


Positive  In  188  cases, . 
Negative  in  76  cases,  . 
Doubtful  In  109  cases. 
Not  given  In  121  cases, 
Total  494  cases,     . 


106 
28 
84 
64 


818 


88 
64 

76 


878 


8 
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Duration  of  Disease. — The  relation  of  bacteriological  diagnosis  to  the 
duration  of  the  disease  is  shown  below :  — 


DURATIOV  OV  I>I8aAM  TO  THB  TiKB  OF 
EXAMINATXOir  07  SfUTUM. 


Bactbbiolooical  Diaomosis. 


Poaitlre. 


NagatiTe. 


Doubtful. 


1  month  or  less, 
1  to  2  monthe, 
3  to  8  monthB, 
3  to  6  months, 
6  to  9  months, 
9  to  13  months, 
1  to  8  years, 
Over  2  years. 
Not  given,    . 
Total,     . 


18 
29 
30 
89 
13 
19 
18 
8 
50 


318 


36 
85 
39 
43 
6 
14 
14 
30 
98 


378 


3 
1 


8 


Summary. 

The  number  of  specimens  of  sputum  and  other  material  examined  for  the 
bacilli  of  tuberculosis  since  the  undertaking  of  these  examinations  is  as 
follows :  — 

In  1896-1897  (year  ended  March  31, 1897), 124 

In  1897-1898  (year  ended  March  31, 1898), 236 

In  1898-1899  (year  ended  March  81,  1899) 4U 

In  1899-1900  (year  ended  March  31, 1900), 671 

In  1900-1901  (year  ended  March  31, 1901), 746 

In  1901-1902  (year  ended  March  31,  1902), 797 

In  1902-1903  (year  ended  March  31, 1903), 928 

In  1903-1904  (year  ended  March  31,  1904), 1,006 

In  1904  (from  April  1  to  September  30) 494 

Total, 6,316 

Of  these  5,316  specimens,  2,128,  or  39.9  per  cent.,  contained  the  bacilli 
of  tuberculosis,  in  3,135  specimens  the  bacilli  were  not  found,  and  in  58 
specimens  no  bacteriological  diagnosis  was  made. 
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TYPHOID  FEVER. 


WiDAL,  Agglutinative  or  Serum  Test. 

During  the  six  moDths  ended  Sept.  30,  1904,  204  specimens  of  blood 
were  subjected  to  the  widal  or  agghitinative  test  for  typhoid  fever,  the 
method  employed  being  substantially  the  same  as  that  described  in  the 
report  for  1900.  The  dilution  used  corresponds  to  1  part  by  weight  of 
fluid  blood  to  20  of  a  bouillon  culture  of  typhoid  bacilli,  or  1  part  of  blood 
serum  to  about  85  of  culture  fluid. 

The  blood  specimens  examined  are  given  in  the  two  following  tables. 
In  the  first  they  are  grouped  according  to  towns.  The  whole  number  of 
specimens  received  is  given,  and  divided  into  positive  and  negative,  accord- 
ing to  the  outcome  of  the  test.  Sixty-^one  towns  sent  specimens  to  the 
laboratory,  of  which  46  were  positive  and  158  negative. 

In  the  second  table  the  results  of  the  examination  are  arranged  accord- 
ing to  the  day  of  the  disease  on  which  the  blood  was  collected.  From  this 
table  it  will  be  seen  that  positive  cases  were  most  numerous  after  the  sixth 
day  of  the  disease.  Since  the  agglutination-reaction  may  not  appear  until 
the  second  week  of  the  disease,  or  even  later,  the  blood  of  cases  examined 
with  negative  result  during  the  first  week  should  be  again  examined  in  the 
second  or  third  week. 


Widal  Test,  April  i,  1904,  to  Sept.  30, 1904. 

• 

Crrr  ob  Town. 

1  Number 
of 
Cases. 

Positive. 

Negative. 

City  oa  Towk. 

Number 

of 
Cases. 

Positive. 

Negative. 

Arlington, 
Attleborough, 
Barnstable, 
Bedford, . 
Beverly,  . 
Boston,    . 
Brewster, 
Cambridge, 
Concord, . 
Cottoge  City,  . 
Chelsea,  . 
Clinton,  . 
Danvers, 
Duxl>ury, 
Everett,  . 
Foxborough, 
Haverhill, 
H  Ingham, 
Uolaen,  . 
Hyde  Park,    , 

*              • 

2 
5 

] 
1 

8 
1 
2 
8 
8 
1 
4 
1 
3 
1 
9 
1 
2 
1 
4 
2 

2 
1 

1 
1 

2 

1 
1 

1 

2 
3 

I 
1 
3 

2 

8 
3 

8 
2 

Lawrence, 
Leominster,    . 
Lincoln,  . 
Lynn, 
liUilden,  . 
Marlborough, 
Marshfleld,      . 
Medford, 
Melrose,  . 
Milton,     . 
Natlck,     . 
Necdham, 
Newton,  . 
NeWbuiyport, 
Peabody. 
Pepperell, 
Plymouth, 
Randolph, 
Reading, . 
Revere,    . 

2 

4 
1 

22 
1 
4 
1 
4 
4 
2 
1 
8 
2 

18 
1 
1 
1 
7 

12 
8 

1 

1 
1 

4 

2 

1 
I 
2 

4 

1 
2 

1 
3 

18 
1 
2 
1 

4 
4 
1 
1 
2 
2 

11 
1 
1 
1 
3 

11 
1 
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Widal  Tut,  April  1, 1904,  to  Sept.  30, 1904—  Conoluded. 


CiTT  OS  Towv. 

Number 

of 
Ceaet. 

Poaitiye. 

NagBtiTe. 

CiTT  OB  Town. 

Nnmber 
of 

PoaitiTa. 

NagatiTtt. 

Bockport, 

Salem,     . 

Sdtuate.  . 

SomerrilJe, 

Southborough, 

Stoughton, 

SwampBOOtt,  . 

Taunton. 

Topsfield, 

Waltham, 

Watertown,    . 

S 

6 

18 

2 
8 

2 
2 

2 
8 

« 

11 

Wayland, 
WeUeslev, 
Weetport, 
Weymouth,     . 
Wililamstown, 
Winchester,    . 
Winthrop, 
Wobum, 

ToUl, 

1 
2 
2 
1 
4 
8 
4 
1 

1 

2 
8 

1 

1 
1 
2 

1 
2 

6 
8 

1 

204 

46 

168 

Widal  Test,  according  to  Stage  of  Disease,  April  i,  1904,  to  Sept.  30, 1904. 


APFBOXmATB  NUIUBB  OV  DaTB 

FBOM  Baenriruro  or  DisiAaa 
TO  GoixBcnoir  ov  Blood. 


NUMBBB  OV  CABia. 


Poaitira. 


8, 
4, 

6. 

f, 

8. 

», 

10. 

11, 
1«. 
18, 
14, 

I*. 
16, 

n, 

IB, 
1», 
20. 
«. 


1 
2 
2 
2 
6 
5 
1 
2 
1 
1 
1 
6 

1 
1 

2 


NagBtiTe. 


4 
2 

11 
6 
9 

12 
8 

11 
6 
7 
4 

IS 
8 
1 
1 
3 
8 
8 
8 
2 
1 


Appbozimatb  Numbbb  or  Datb 

FBOM  BBonrirnro  or  Dibbabb 

TO  CoLUKTioM  or  Blood. 


Numbbb  OV  GAsas. 


PoaitiTa. 


24,    .  . 

26,  .  . 

27.  .  . 

28,  .  . 

29.  .  . 
80,    . 

31.    .  . 

82.    .  . 

88,    .  . 

34,    .  . 

86,    .  . 

S;:  : 

S;:  : 

84,    .  . 

90,    .  . 
Unknown, 

Total, 


46 


NagBtiva. 


1 
2 
1 
1 
1 

1 
8 
2 

2 
2 
2 

1 
1 
1 
1 
26 


168 
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MALARIA. 


The  number  of  blood  films  received  by  the  laboratory  during  the  six 
mouths  ended  Sept.  80,  1904,  for  microscopic  diagnosis,  was  24,  of  which 
only  8,  or  12.5  per  cent.,  showed  the  malaria  parasite. 

Malaria,  April  1, 1904,  to  Sept.  30, 1904, 


Arlington,   • 
Concord, 
Marshfield,  . 
Melrose, 
Qninoy, 
Reading, 
SomerrlUe,  . 
Swampscott, 
Uxbridge,    . 
WcBtford,    . 
Winchester, 
Total, . 


Cftt  or  Towk. 


Number  of 
Cases. 

1 
8 
1 
8 
2 
1 
8 
1 
1 
1 
9 
84 


PositiTS. 


1 
1 


Negatiye. 

1 
3 
1 
1 
1 
I 

Q 

1 
1 
1 

8 
21 
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STATISTICAL  SUMMARIES  OF  DISEASE  AND  MORTALITY. 


The  statistical  information  relating  to  disease  and  mortality  which  has 
been  receiyed  by  the  Board  daring  each  year,  either  throagh  the  medium 
of  voluntary  returns  or  in  consequence  of  legal  requirements,  has,  in  the 
recent  reports  of  the  Board,  been  presented  under  four  different  heads  or 
groups.  In  the  reports  of  1902,  1903  and  1904  this  series  of  statistics 
has  been  condensed  as  much  as  can  be  done  consistently  with  a  clear  and 
intelligent  method  of  presentation. 

These  summaries  are  defined  as  follows :  — 

I.  The  Weekly  Mortality  Returns.  —  These  consist  of  the  reports  of 
deaths,  which  are  made  up  weekly  and  are  sent  to  the  office  of  the  State 
Board  by  the  registration  officials  of  cities  and  towns.  They  serve  prin- 
cipally to  show  the  seasonal  prevalence  of  each  of  the  chief  infections 
diseases,  and  the  mortality  of  children  under  five  years  old,  in  weekly 
periods.  Beginning  with  the  year  1875,  this  series  of  statistics  has  been 
annually  reported  (see  page  475  of  report  for  that  year),  and  was  first 
pnblished  as  a  summary  in  the  report  of  1883. 

n.  The  Reports  of  Certain  Infectious  Disectses^  —  Diphtheria  and  Oroup^ 
Scarlet  Fever  ^  Typhoid  Fever  and  Measles.  — These  are  obtained  from  the 
annual  reports  of  local  boards  of  health  for  the  year  1904,  which  are  for- 
warded to  the  State  Board  from  cities  and  towns.  By  comparing  the  num- 
bers of  reported  cases  with  the  reported  deaths,  the  mean  fatality  of  each 
disease  in  the  places  from  which  the  reports  are  made  is  obtained  with  a 
reasonable  degree  of  accuracy.  This  summary  was  first  presented  in  the 
report  of  1891,  page  878. 

m.  Reports  of  Cities  arid  Tovms^  made  under  the  Provisions  of  Chapter 
75y  Section  62^  of  the  Revised  Laws.  —  By  this  act  each  local  board  of 
health  is  required  to  report  to  the  State  Board  every  case  of  **  disease 
dangerous  to  the  public  health  "  which  is  reported  to  the  local  board.  A 
digest  of  these  reports  is  presented  in  Summary  No.  III.  This  summary 
was  first  published  in  the  report  of  1893,  page  639. 

lY.  AnnuaH  Reports  made  under  t?ie  Provisions  of  Chapter  75^  Section 
12 J  of  the  Revised  Laws.  —  The  full  reports  of  deaths  occurring  in  each 
city  and  town  having  over  5,000  inhabitants  comprise  another  series  of 
returns,  which  are  summarized  in  No.  IV.    The  population  of  these  cities 
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and  towns  in  1904  constitated  about  85  per  cent,  of  the  estimated  total 
population  of  the  State.  These  reports  are  made  under  the  requirements 
of  the  following*statute :] — 

In  each  city  and  town  having  a  population  of  more  than  five  thousand  inhabit- 
ants, as  determined  by  the  last  census,  at  least  one  member  of  said  board  shall  be 
a  physician,  and  the  board  shall  send  an  annual  report  of  the  deaths  in  such  town 
to  the  State  Board  of  Health.  The  form  of  such  reports  shall  be  prescribed  and 
fnrnished  by  the  State  Board  of  Health.     (Revised  Laws,  chapter  75,  section  13.) 

This  summary  was  first  presented  in  the  report  of  1894. 


Note.  —  A  supply  of  the  postal  cards,  necessary  for  the  reporting  of  voluntary 
mortality  returns  such  as  are  required  for  the  data  presented  in  section  I.  of  the 
following  summary,  will  be  forwarded  to  the  registration  officers  of  any  city  or 
town  who  are  willing  to  contribute  the  necessary  information. 

Postal  cards  are  also  sent  to  all  boards  of  health  in  the  State,  for  the  purpose 
of  aiding  them  to  comply  with  the  provisions  of  chapter  75,  section  52,  of  the 
Revised  Laws,  relative  to  the  reporting  of  diseases  dangerous  to  the  public  health 
to  the  State  Board  immediately  after  reports  of  the  same  are  received  by  the  local 
board. 

Annual  blank  forms  are  also  sent  to  each  local  board  of  health  in  cities  and 
towns  having  over  5,000  inhabitants,  for  the  return  of  such  information  as  is 
called  for  by  the  provisions  of  chapter  75,  section  12,  of  the  Revised  Laws. 
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I. 

The  Weekly  Mortality  Returns. 

In  the  following  summary,  the  voluntary  reports  of  deaths  received  at 
the  close  of  each  week  from  the  city  registrars,  town  clerks  and  boards  of 
health  of  the  cities  and  towns  are  epitomized  for  the  year  1904.  The  chief 
value  of  this  abstract  consists  in  the  fact  that  it  presents  a  continuous  his- 
tory of  the  mortality  from  certain  specified  diseases  from  week  to  week 
throughout  the  year. 

This  weekly  report  has  been  published  in  the  Boston  Medical  and  Surgical 
Journal  every  week  for  a  period  of  twenty-five  years  or  more,  and  also  as  a 
publication  of  the  Board,  in  a  weekly  bulletin,  since  and  including  1883. 

These  returns  are  necessarily  incomplete,  since  they  are  voluntary  and 
consequently  embrace  the  statistics  of  a  portion  only  of  the  population,  the 
reporting  places  being  chiefly  the  cities  and  large  towns. 

The  estimated  population  of  the  cities  and  towns  contributing  to  these 
returns  in  1904  was  2,135,416,  or  68  per  cent,  of  the  estimated  total  popu- 
lation. 

The  following  items  are  embraced  in  this  summary :  — 


Average  height  of  barometer  for  each 

week. 
Mean  maximum  temperature. 
Mean  minimum  temperature. 
Rainfall,  expressed  in  inches. 
Total  deaths  reported  for  each  week. 
Deaths  of  children  under  five  years. 
Deaths  from  consumption. 
Deaths  from  acute  lung  diseases. 
Deaths  from  typhoid  fever. 


Deaths  from  diphtheria  and  croup. 

Deaths  from  scarlet  fever. 

Deaths  from  measles. 

Deaths  from  diarrhceal  diseases. 

Deaths  from  whooping-cough. 

Deaths  from  puerperal  fever. 

Deaths  from  malarial  fever. 

Deaths  from  erysipelas. 

Deaths  from  cerebro-spinal  meningitis. 


The  following  table  contains  a  summary  of  the  statistics  compiled  from 
these  weekly  returns  of  mortality :  — 
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Condensed  Statistics,  embracing  the  Total  Deaths,  Deaths  under  Five  Years,  and 
Deaths  Jrom  Certain  Causes  in  Reporting  Cities  and  Towns  of  Massachusetts 
in  1904, 


Deaths. 

Avenge 

Number  of 

Deaths  hi 

Bsch  Week. 

Peroentage 

of 

Total 

Mortality. 

Death-rate 

per  1,000 

of  Reporting 

Popumtion. 

Total  deaths 

88,404 

680 

100.00 

16.64 

Deaths  nnder  flye  years,    , 

9,819 

186 

29.89 

4.60 

Deaths  from  consampdon, 

8,824 

68 

9.96 

1.66 

Deaths  from  acate  lung  diseases,     . 

4,246 

80 

12.71 

1.99 

Deaths  from  tjphold  fever, 

846 

6.6 

1.08 

0.16 

Deaths  from  diphtheria  and  croup, 

M7 

9.7 

1.66 

0.24 

Deaths  from  scarlet  fever. 

100 

1.9 

0.80 

0.06 

Deaths  from  measles 

148 

2.8 

0.44 

0.07 

Deaths  from  dlarrhceal  diseases. 

2,089 

89.4 

6.26 

0.98 

Deaths  from  whooping-coagh,  . 

75 

1.4 

0.23 

0.04 

Deaths  from  puerperal  fever,    . 

38 

0.4 

0.069 

0.01 

Deaths  from  malarial  fever. 

2 

0.04 

0.006 

0.0009 

Deaths  from  erysipelas,     . 

U4 

2.1 

0.841 

0.068 

Deaths  from  cerebro-splnal  meningitis, 

22A 

4.2 

0.674 

0.11 

The  usual  observations  upon  the  weekly  mortality  statistics  are  omitted, 
and  the  foregoing  short  table,  containing  the  essential  statistics,  supplies 
their  place.  The  omission  is  made  because  information  of  the  same  char- 
acter is  presented  in  a  different  form  in  Section  IV.  of  these  summaries. 
The  chief  difference  consists  in  the  fact  that  the  information  given  in  this 
section  (I.)  is  entirely  voluntary  and  is  detailed  by  weeks,  while  that  of 
Section  IV.  is  required  by  statute,  the  data  not  being  forwarded  to  the 
Board  until  after  the  close  of  the  year.  The  population  which  furnishes 
the  statistics  presented  in  Section  IV.  is  considerably  larger  than  that 
embraced  in  Section  I.,  but  both  populations  consist  of  the  more  densely 
settled  parts  of  the  State. 

Meteorology. 

The  principal  points  of  sanitary  interest  in  the  meteorology  of  Massa- 
chusetts for  the  year  1904  were  the  following :  — 

The  mean  temperature  of  the  year  in  the  State  was  45.  P  F. 

The  mean  temperature  of  the  summer  months  of  June,  July,  August  and 
September  was  as  follows :  June,  63.6^  ;  July,  69.7^ ;  August,  65.3^;  Sep- 
tember, 60.6''. 

The  annual  rainfall  was  42.2  inches,  or  a  little  below  the  average  of  a 
series  of  years. 
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II. 

Fatality  op  Certain  Diseases. 

The  following  statemeut  presents  the  statistics  gathered  from  the  pub- 
lished reports  of  local  boards  of  health  relative  to  the  nambers  of  the 
cases  and  the  deaths  from  each  one  of  certain  notifiable  diseases.  Its 
object  is  to  present  the  fatality  of  these  diseases  (ratio  of  deaths  to  cases) 
from  year  to  year.  The  complete  statistics  of  reported  cases  are  given  in 
Section  III. 

The  diseases  embraced  in  this  summary  in  1904  are  diphtheria,  scarlet 
fever,  typhoid  fever  and  measles. 

The  tabular  list  of  cities  and  towns  is  omitted  in  this  report.  The  sum- 
mary of  the  figures  for  1 904  is  as  follows :  — 

Reported  cases  of  diphtheria  and  croup, 6,254 

Registered  deaths  from  diphtheria  and  croup  in  the  same  cities  and  towns,       577 
Fatality  (per  cent.), 9.2 

Reported  cases  of  scarlet  fever, 3,441 

Registered  deaths  from  scarlet  fever  in  the  same  cities  and  towns,    .  109 

Fatality  (per  cent), S.2 

Reported  cases  of  typhoid  fever, 2,426 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,  .        .        410 
Fatality  (per  cent.), 16.9 

Reported  cases  of  measles, 11,662 

Registered  deaths  from  measles  in  the  same  cities  and  towns,  .  168 

Fatality  (per  cent), 1.4 

The  following  table  presents  the  summary  of  these  statistics  for  the 
fourteen  years  1891-1904 :  — 

Reported  Cases  of  Infectious  Diseases  in  Mass<ichuseUs. 

Diphtheria  and  Croup, 
[Pi*e- Antitoxin  Period.] 


ISOl. 


ISOS. 


ISM. 


1S04. 


Totol. 


Reported  cases,     . 

Deaths,  . 

Fatality  (per  cent.). 


2,444 

075 

38.5 


8,088 

801 

29.3 


2,919 

926 

81.7 


4,966 

1,876 

37.9 


18,382 

8,768 

28.8 
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D^htheria  and  Oroup. 
(AntltozlB  Period.] 


• 

i 

• 

I 

«i4 

i 

m 

• 

• 

! 

• 

1 

• 
PA 

X 

PA 

i 

PA 

• 

TMal 
18M-1M4. 

Reported  cases, . 
Deaths, 

Fatality  (percent. )i  • 

7,806 

1,484 

18.9 

8,915 

1,848 

15.1 

7,806 

1,107 

14.1 

8,848 

507 

18.2 

6,540 

758 

11.6 

12,578 

1,274 

10.2 

8,921 

988 

10.5 

5,848 

666 

11.4 

5,819 

592 

11.1 

6,254 
577 
9.2 

78,880 

9,251 

12.5 

Scarlet  Fever, 


Reported  cases,  . 

Deaths, 

Fatality  (percent.), 


1908. 


4,911 
887 
7.8 


8,441 
109 
8.2 


Total 
1M1-1»«4. 


71,980 

4,060 

6.6 


Typhoid  Fever, 


Reported  cases,  . 

Deaths, 

Fatality  (per  cent.), 


84/^96 

6,161 

17.8 


Metules. 


Reported  cases,  . 

Deaths, 

Fatality  (percent.), 


109,629 

1,486 

1.8 


In  the  foregoing  tables  the  statistics  relating  to  diphtheria  and  croup 
have  been  arranged  in  two  periods,  which  may  properly  be  called  the  pre- 
antitoxin  and  the  antitoxin  periods,  since  antitoxin  came  into  general  use 
in  the  State  about  the  beginning  of  the  year  1895.  The  mean  fatality  in 
the  former  period  (1891-1894)  was  28.3  per  cent,  (ratio  of  deaths  to  cases), 
and  in  the  latter  period  (1895-1904)  it  was  12.5  per  cent.,  or  less  than 
half  as  large. 
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III. 

Official   Returns   of   Notified  Diseases    Dangerous  to  the  Public 

Health,  1904. 

The  figares  presented  in  the  following  summary  are  those  of  the  official 
returns  of  diseases  ''  dangerous  to  the  public  health,"  made  to  the  State 
Board  of  Health  during  the  year  1904,  under  the  provisions  of  chapter  75 
of  the  Revised  Laws.  In  this  act  no  disease  is  specified  as  being  ^'  dan- 
gerous to  the  public  health"  except  smallpox.  Hence  the  State  Board 
deemed  it  necessary  to  indicate  the  diseases  which  should  be  included  in 
the  meaning  of  the  term  ''  dangerous  to  the  public  health."  They  are  the 
following:  smallpox,  scarlet  fever,  measles,  typhoid  fever,  diphtheria, 
membraneous  cronp,  cholera,  yellow  fever,  typhus  fever,  cerebro-spinal 
meningitis,  hydrophobia,  malignant  pustule,  leprosy,  trichinosis. 

The  whole  number  of  cases  of  infectious  diseases  reported  to  the  Board 
in  1904,  under  the  provisions  of  this  act  was  26,088,  which  were  divided 
as  follows :  — 

Reported  cases  of  smallpox, 100 

Reported  cases  of  scarlet  fever, 4,100 

Reported  cases  of  diphtheria  and  croup, 6,772 

Reported  cases  of  typhoid  fever, 2,605 

Reported  cases  of  measles, 12,511 

Total, 26,088 

Tbe  summary  for  the  eleven  years  and  four  months  1893-1904  is  as 
follows :  — 


RaroBTBO  Casks 

or— 

Smallpox. 

Scarlet 
Ferer. 

Diphtheria 
ana  Croup. 

Tvphoid 
Ferer. 

Measles. 

Total. 

IfiBS  (four  months  only),  . 

85 

2,914 

1,109 

1,525 

1,503 

7,086 

l8B4|     .         .         .         • 

181 

6,781 

4,178 

2,872 

2,133 

16,585 

1885,     . 

1 

6,194 

7,806 

2,488 

4,868 

21,807 

18B6,     . 

»                       • 

5 

8,801 

8,515 

2,637 

6,362 

21,320 

1897,     . 

t   i 

18 

6,485 

7,613 

2,104 

12,695 

27,926 

1886, 

10 

8,667 

8,980 

2,196 

4,478 

14,831 

1899,     . 

105 

5,349 

7,134 

2,776 

12,855 

27,719 

1900,     . 

104 

6.8M 

12,641 

2,967 

10,507 

82,615 

1901,     . 

778 

4,356 

9,783 

2,689 

9,898 

27.000 

1902,     . 

2,314 

4,613 

7,036 

2,721 

17,249 

38,983 

1906      .        . 

422 

6,877 

6,888 

2,965 

9,430 

26,572 

1904,     . 

100 

4,100 

6,772 

2,606 

12,511 

26,088 

Total, 

» 

9                    i 

t                     1 

1                        4 

1                       • 

4,068 

50,483 

83,466 

29,986 

108,489 

280,600 

382 


STATE  BOARD   OF   HEALTH.         [Pub.  Doc. 


By  months  these  diseases  were  reported  as  follows :  — 


CcLses  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  by  Months 

in  1904. 


HOMTHfl. 

• 

• 

r 

■ 

i 

H 

• 

1 

Mouths. 

• 

1 

1^ 

1 

1 

1 

January,    . 

0 

604 

794 

148 

1,868 

Augnat, 

28 

129 

862 

806 

77 

February,  . 

6 

644 

648 

111 

2,865 

September, 

46 

172 

628 

437 

47 

March, 

8 

449 

688 

111 

2,288 

October,     . 

8 

294 

716 

450 

186 

April, . 

1 

496 

684 

119 

1,966 

Noyember, . 

- 

828 

684 

266 

286 

May,  . 

8 
8 

280 
287 

468 
666 

166 
114 

1,818 
1,198 

December, . 
Total,   . 

- 

466 

687 

209 

486 

June,  . 

100 

4,100 

6,772 

2,606 

12,611 

July,   . 

8 

172 

898 

170 

684 

The  following  table  is  introduced  for  the  purpose  of  facilitating  the  com- 
panson  of  the  seasonal  prevalence  of  the  diseases  named  in  the  table,  in 
different  years.  By  means  of  the  method  employed,  the  errors  due  to  the 
difference  in  the  length  of  the  months  are  eliminated.  The  figures  should 
be  read  as  follows :  for  example,  the  mean  daily  number  of  reported  cases 
of  diphtheria  reported  throughout  the  year  in  1904  was  18.5 ;  of  scarlet 
fever,  11.2  ;  of  typhoid  fever,  7.1 ;  and  of  measles,  84.2.  During  the  month 
of  January  the  mean  daily  number  of  reported  cases  of  these  diseases  was, 
for  diphtheria,  25.6;  scarlet  fever,  19.5;  typhoid  fever,  4.8;  and  for 
measles,  44.0  (see  columns  marked  A) . 

Assuming  a  standard  of  10  as  a  daily  mean  throughout  the  year  for  each 
disease,  the  ratios  for  January  were  as  follows :  diphtheria,  18.8 ;  scarlet 
fever,  17.4;  typhoid  fever,  6.8;  and  measles,  12.9  (see  columns  marked 
B).  So  that  for  each  10  cases  of  diphtheria  reported  as  a  daily  mean 
throughout  the  year  1904  there  were  13.8  in  January,  10.2  in  February, 
9.3  in  March,  etc. 

From  this  table  it  appears  that  the  maximum  prevalence  of  diphtheria 
in  1904  was  in  January  and  the  minimum  in  August.  The  prevalence  in 
the  last  three  months  in  the  year  was  greater  than  that  of  the  first  three 
months.  There  has  been  in  every  one  of  the  past  ten  years  a  decline  in 
the  prevalence  of  the  disease  in  December,  except  in  December,  1899. 

The  prevalence  of  scarlet  fever  was  above  the  mean  in  January,  Febru- 
ary, March,  April  and  December,  and  below  it  in  the  remaining  months, 
the  maximum  occurring  in  January  and  the  minimum  in  August.  In  the 
previous  year  the  maximum  was  in  May  and  the  minimum  in  September. 

Typhoid  fever  was,  as  usual,  below  the  mean  in  the  intensity  of  its  preva- 
lence in  the  first  seven  months  of  1904,  rising  to  a  maximum  in  September. 
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In  1904,  as  in  1901,  1902  and  1903,  the  intensity  of  its  prevalence  in  Sep- 
tember and  October  was  nearly  equal. 

The  prevalence  of  measles  was  much  above  the  mean  in  the  first  half  of 
the  year  and  below  it  in  the  last  half,  the  maximum  occurring  in  February 
and  the  minimum  in  September. 

Certain  Infedioua  Diaeeues,    Seasonal  Intensity  of  Prevalence, 


HoKTHfl. 


January, 
February, 
March, 
April, 
May, 
Jane, 
July, 
August, 
September, 
October,  . 
November, 
December, 
Mean, 


DiPRTHaaiA. 


1—4. 

1»08. 

A 

B 

B 

lis 
I  I 

ha 


25.6 
18.9 
17.2 
17.6 
14.8 
18.6 
12.8 
11.4 
17.4 
23.1 
22.8 
22.2 


18.6 


18.8 

10.2 

9.8 

9.5 

8.0 

10.0 

6.9 

6.2 

9.4 

12.6 

12.8 

12.0 


10.0 


2 


11.0 

10.4 

7.9 

6.8 

8.6 

8.0 

6.7 

6.9 

7.6 

16.8 

16..8 

14.8 


10.0 


ScABLBT  Fam. 


i  O.S 


19.6 

18.8 

14.5 

14.2 

9.0 

7.9 

6.6 

4.2 

6.7 

9.6 

10.9 

15.0 


IMS. 


I 


11.2 


17.4 

16.8 

12.9 

12.7 

8.0 

7.1 

4.9 

8.8 

6.1 

8.5 

9.7 

18.4 


10.0 


12.9 

12.8 

12.2 

11.1 

18.4 

12.7 

6.9 

5.6 

6.0 

7.2 

8.8 

12.5 


10.0 


TTPHom  Fbtbb. 


■•M. 

IMS. 

A 

B 

B 

III 


4.8 
8.8 
3.6 
4.0 
6.4 
8.8 
6.6 
9.8 
14.6 
14.6 
8.8 
6.8 


7.1 


I 


I 


6.8 

5.4 

6.1 

5.6 

7.6 

6.4 

7.7 

18.8 

20.6 

20.4 

12.4 

9.6 


10.0 


7.8 

6.9 

6.8 

4.4 

6.8 

7.6 

8.9 

17.7 

16.1 

17.4 

18.7 

8.2 


10.0 


Mmablw. 

1004. 

190t. 

A 

B 

B 

HI 


44.0 

81.6 

74.0 

66.6 

68.6 

89.9 

18.8 

2.6 

1.6 

4.4 

7.8 

14.1 


I 


84.2 


12.9 

23.9 

21.6 

19.2 

17.1 

11.7 

6.6 

0.7 

0.5 

1.8 

2.8 

4.1 


10.0 


15.9 

18.1 

17.6 

14.9 

14.6 

11.6 

4.8 

1.9 

0.9 

8.2 

7.1 

10.1 


10.0 


Cases  of  Infectiotts  Diseases  reported  to  the  State  Board  of  Health  from  Two  Hun- 
dred and  Fifly-nine  Cities  and  Towns  during  1904, 


a 

1 

Scarlet 
Fever. 

i 

Typhoid 
Fever. 

• 

• 

1 
1 

• 

1 

1 

1 

1 

Ablngtou, 

- 

17 

8 

- 

4 

Amherst, 

- 

1 

2 

- 

16 

Acton,    . 

- 

8 

8 

1 

27 

Andover, 

- 

28 

38 

12 

- 

Acushnet, 

- 

2 

1 

- 

- 

Arlington, 

- 

75 

21 

7 

81 

Adams, . 

8 

8 

12 

10 

- 

A  shburnham, 

- 

- 

3 

- 

- 

Agawam, 

- 

1 

28 

- 

- 

Ashfleld, 

- 

- 

- 

1 

- 

Amesbury,    . 

- 

74 

8 

7 

1 

Ashland, 

- 

8 

- 

- 

- 
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Oaset  of  Infutiout  Diseaaa  rtporUd  to  the  BttUe  Board  rf  Health  from  Tvm  Bun- 
dred  and  Fifty-nine  OUiet  and  Tounu  during  1904 —  Goodnaed. 


• 

• 

1 

ll 

n 

1 

i' 

i 

1 

,1 

1 

Athol,    . 

- 

1 

2 

1 

8 

Clinton,. 

- 

16 

19 

1 

6 

AtUeboroagh, 

- 

17 

16 

6 

80 

Cohaaset, 

- 

- 

11 

1 

5 

Auburn, 

- 

6 

- 

- 

Colraln, . 

- 

- 

1 

- 

- 

Atod,     . 

- 

2 

- 

- 

44 

Concord, 

- 

10 

11 

8 

6 

Ayer,     . 

- 

11 

2 

1 

- 

Dalton,  . 

- 

10 

- 

- 

" 

Barnstable,   . 

- 

4 

7 

4 

610 

Dana, 

- 

- 

1 

- 

- 

Bane,    . 

- 

7 

1 

- 

6 

Danyers, 

0 

6 

- 

1 

Becket, . 

- 

- 

4 

- 

- 

Dartmouth,  , 

- 

2 

1 

- 

Bedford, 

- 

- 

12 

8 

- 

Dedham, 

- 

8 

2 

6 

26 

Bellingham,  . 

- 

2 

2 

- 

- 

Deerfleld, 

- 

11 

1 

- 

6 

Belmont, 

- 

8 

2 

- 

17 

Dlghton, 

- 

2 

16 

- 

- 

Berlin,  . 

- 

1 

- 

2 

- 

Douglas, 

- 

- 

- 

1 

- 

Bemardston, 

- 

- 

6 

- 

- 

Dracut, . 

- 

8 

16 

- 

2 

Beverly, 

1 

10 

22 

21 

8 

Dudley, . 

- 

- 

1 

2 

- 

BiUerica, 

- 

1 

14 

- 

- 

Dunstable,    . 

- 

2 

- 

- 

- 

Blackstone,  . 

- 

- 

8 

- 

- 

Duxbnry, 

- 

8 

- 

1 

45 

Boston,  . 

- 

1,096 

2,606 

888 

4,488 

East  Brldgewater, 

- 

2 

- 

1 

1*29 

Boxborough, 

- 

1 

- 

- 

- 

Easthampton, 

- 

- 

8 

11 

- 

Boylston, 

- 

1 

- 

- 

- 

East  Longroeadow, 

- 

8 

- 

- 

- 

Bralntree, 

- 

80 

6 

6 

160 

Easton,  . 

- 

- 

8 

2 

- 

Brewster, 

- 

- 

- 

1 

- 

Essex,    . 

- 

2 

- 

1 

4 

Brldgewater, 

- 

- 

- 

1 

87 

Everett, 

- 

08 

46 

22 

134 

Brockton, 

- 

70 

38 

48 

1,771 

Falrhaven, 

- 

8 

2 

8 

2 

Brookfleld,    . 

- 

1 

8 

1 

- 

Fall  River, 

- 

96 

117 

79 

1 

Brookline, 

- 

SO 

86 

16 

106 

Falmouth, 

- 

1 

- 

- 

4 

Cambridge,  . 

- 

187 

880 

188 

474 

Fitchburg, 

8 

12 

12 

12 

31 

Canton, . 

- 

- 

2 

8 

18 

Foxborough, 

- 

6 

8 

6 

- 

Carlisle, 

- 

8 

- 

- 

1 

Framlngham, 

- 

16 

11 

1 

3 

Charlton, 

- 

- 

- 

2 

- 

Franklin, 

- 

6 

18 

- 

- 

Chatham, 

- 

1 

- 

- 

- 

Freetown, 

- 

8 

1 

- 

- 

Chelmsford,  . 

- 

18 

24 

2 

14 

Gardner, 

1 

4 

82 

8 

- 

Chelsea, 

- 

00 

80 

41 

228 

Georgetown, 

- 

8 

8 

- 

- 

Cheshire, 

- 

- 

18 

1 

- 

Gill, 

- 

2 

- 

- 

7 

Chester, 

- 

- 

1 

11 

- 

Gloucester,    . 

16 

78 

•* 

Chioopee, 

- 

88 

88 

12 

6 

Grafton, 

2 

- 

- 

- 
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Oases  of  Infectious  Diseases  r<ported  to  the  Slate  Board  of  Health  from  Two  Hun- 
dred and  Fifty-nine  Cities  and  Towns  during  1904  —  Continued. 


1 

Scarlet 
Fever. 

i 

Typhoid 
Fever. 

• 
• 

1 

• 

1. 

1 

Scarlet 
Fever. 

■ 

u 

5 

Typhoid 
Fever. 

1 

Granville, 

- 

- 

- 

6 

Lowell,  . 

4 

181 

288 

47 

433 

Great  Barrlngion, 

- 

1 

9 

- 

- 

Ludlow, 

- 

2 

- 

- 

- 

Greenfield, 

- 

88 

4 

5 

4 

Lynn,    . 

- 

78 

139 

81 

70 

Groton,  . 

- 

1 

- 

- 

- 

Maiden, 

- 

65 

88 

61 

549 

Groveland, 

- 

9 

1 

8 

- 

Manchester,  . 

- 

1 

1 

1 

- 

Hadley, 

- 

- 

1 

- 

- 

Manstleld, 

- 

42 

3 

6 

2 

Hanoyer, 

- 

6 

8 

8 

2!) 

Marblehead, . 

- 

23 

16 

4 

8 

Hardwick, 

- 

16 

6 

5 

2 

Marlborough, 

- 

27 

29 

6 

67 

Harvard, 

- 

14 

- 

5 

- 

Marshfleld,    . 

- 

1 

- 

- 

a 

Harwich, 

- 

6 

- 

- 

12 

Mashpee, 

- 

- 

- 

1 

- 

Hatfield, 

- 

1 

2 

1 

8 

MattapolBett, 

- 

1 

- 

- 

3 

Haverhill, 

,^ 

22 

37 

69 

305 

Maynard, 

- 

3 

1 

2 

- 

Hingham, 

- 

6 

8 

- 

- 

Medfleld, 

- 

1 

3 

- 

1 

Holbrbok, 

- 

8 

4 

2 

23 

Medford, 

- 

40 

35 

23 

147 

Holden, 

- 

18 

1 

10 

3 

Med  way. 

- 

5 

1 

- 

3 

HoUiBton, 

- 

8 

8 

- 

- 

Melrose, 

- 

18 

13 

t 

68 

Holyoke, 

- 

20 

119 

21 

33 

Mendon, 

- 

1 

3 

- 

« 

Hopedale, 

- 

6 

4 

1 

- 

Merrlmac,      . 

- 

4 

4 

- 

1 

HopUnton,    . 

- 

- 

4 

- 

2 

Methuen, 

- 

34 

19 

10 

6 

HubbardBton 

- 

8 

- 

2 

- 

Mlddleborough,    . 

- 

8 

1 

3 

- 

Hudson, 

- 

2 

7 

16 

- 

Middleton,     . 

- 

1 

1 

- 

Huntington, . 

- 

- 

1 

- 

- 

Mil  ford. 

1 

18 

13 

4 

1 

Hyde  Park,  . 

- 

21 

12 

3 

55 

Mlllbury,       . 

- 

12 

1 

- 

Ipswich, 

- 

2 

7 

19 

23 

MUlls,    . 

- 

- 

1 

-. 

- 

Lakevllle, 

- 

1 

- 

- 

1 

Milton,  . 

- 

18 

20 

9 

64 

Lancaster,     . 

- 

1 

8 

- 

1 

Monroe, 

2 

1 

4 

- 

- 

Lawrence, 

10 

58 

102 

63 

198  1 

Monson, 

- 

1 

" 

3 

Lee, 

4 

9 

- 

- 

- 

Montague,     . 

- 

1 

1 

6 

- 

Leicester, 

- 

1 

- 

- 

- 

Nahant, . 

- 

- 

- 

1 

- 

Leominster, 

5 

9 

3 

6 

2 

Natlck,  . 

- 

1 

- 

Lexington, 

- 

6 

6 

- 

4  1 

Need  ham, 

- 

6 

2 

2 

9 

Leyden, 

- 

- 

- 

- 

3 

New  Bedford, 

- 

55 

78 

55 

37 

Lincoln, 

- 

2 

- 

1 

- 

Newbury, 

- 

- 

6 

2 

1 

Littleton, 

- 

11 

- 

- 

1 

Newbury  port, 

- 

18 

28 

21 

142 

Longmeaclow, 

- 

8 

2 

- 

- 

Newton, 

— 

101 

80 

38 

80 
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Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Heallk  from  Two  Run- 
■  dred  and  Fifly-nine  Cities  and  Towns  during  1904  —  Continued 


• 

1 

OQ 

Scarlet 
Fever. 

1 
Diphtheria. 

Typhoid 
Fever. 

Meaalei. 

1 

• 

i 
1 

Scarlet 
Fever. 

Diphtheria. 

Typhoid 
Fever, 

• 

1 

North  Adams, 

61 

80 

141 

24 

193 

Salisbury, 

- 

- 

4 

6 

Northampton, 

- 

3 

5 

16 

117 

Sandisfleld,   . 

- 

- 

1 

- 

- 

North  Andover,    . 

- 

3 

4 

3 

6 

Sandwich, 

- 

- 

- 

- 

72 

No.  Attleborough, 

- 

2 

- 

2 

Saugus, . 

- 

6 

26 

2 

22 

Northborough, 

- 

11 

- 

2 

4 

Scituate, 

- 

- 

1 

~ 

- 

Northbrldge, . 

- 

16 

15 

6 

3 

Seekonk, 

- 

1 

1 

- 

North  Bruokfleld, 

- 

1 

- 

1 

- 

Sharon, . 

- 

- 

1 

1 

17 

Northfield,     . 

- 

I 

8 

1 

1 

1 

Sheffield, 

- 

8 

- 

1 

87 

North  Beading, 

- 

1 

1 

- 

- 

Shirley, . 

- 

- 

.  2 

- 

5 

Norton,  . 

- 

20 

- 

- 

2 

1 

Shrewsbury, 

- 

3 

- 

2 

2 

Norwell, 

- 

- 

1 

2 

- 

Shutesbury,  . 

- 

4 

- 

- 

Norwood, 

- 

9 

47 

10 

62 

Somerset, 

- 

- 

5 

- 

Oakham, 

- 

2 

- 

- 

1 

Sonierville,    . 

- 

114 

884 

78 

246 

Orleans, 

- 

- 

1 

- 

- 

Southampton, 

- 

6 

8 

8 

- 

Otis, 

- 

- 

- 

1 

- 

Southborough, 

- 

2 

- 

- 

- 

Palmer, . 

- 

6 

9 

14 

5 

Southbrldge, 

1 

- 

- 

148 

2 

- 

PAxton, . 

- 

- 

1 

- 

- 

South  Iladley. 

- 

19 

8 

5 

5 

Peaboily, 

- 

9 

16 

5 

4 

Spencer, 

- 

1 

21 

1 

- 

Pelham, . 

- 

- 

- 

- 

1 

Springfield,  . 

- 

112 

247 

77 

44 

Pembroke,     . 

- 

- 

- 

- 

8 

Stockbrldge, . 

- 

4 

- 

1 

- 

Pepperel),     . 

- 

8 

- 

- 

47 

Stoneham, 

- 

8 

7 

- 

2 

PltUfleld,      . 

6 

83 

66 

11 

2 

Stoughton,     . 

- 

15 

9 

4 

13 

Plymouth,     . 

- 

17 

2 

40 

62 

Stow, 

- 

8 

- 

1 

Princeton,     . 

- 

2 

- 

1 

- 

Stnrbridge,    . 

- 

- 

1 

- 

Provlncetown, 

- 

- 

9 

- 

- 

Sudbury, 

- 

- 

- 

1 

Qnlncy, . 

- 

85 

78 

5 

108 

Sutton,  . 

- 

- 

1 

1 

1 

Raynham, 

- 

8 

- 

- 

- 

Swampscott, 

- 

6 

6 

1 

2 

Bending, 

- 

7 

4 

8 

4 

Swansea, 

- 

- 

8 

- 

- 

Beholx>tb, 

- 

6 

- 

- 

- 

Taunton, 

- 

41 

27 

1 

- 

Bevere,  . 

- 

14 

42 

3 

- 

Templeton,    . 

- 

5 

13 

1 

- 

Bockland, 

- 

9 

6 

7 

10 

Tewksbury,  . 

- 

- 

9 

3 

8 

Bockport, 

- 

4 

28 

- 

- 

Tisbury, 

- 

- 

- 

2 

1 

Bowley, 

- 

2 

8 

2 

1 

Topsfield, 

- 

- 

8 

- 

- 

Busaell, . 

- 

1 

- 

- 

- 

Townscnd,    . 

- 

- 

8 

1 

7 

8alem, 

26 

88 

23 

31 

Truro,    . 

- 

- 

- 

1 

- 
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Cases  oflnfecliout  Diseaset  reported  to  the  Stale  Board  oj  Health  from  Two  Hun- 
dred and  Fifty-nine  Cities  and  Towns  during  1904  —  Ck>ncluded. 


i 

• 

1 

Typhoid 
Ferer. 

1 

I 

• 

• 

1 

■ 

r 

4 

• 

i 

1^ 

Tyring  hum, 

- 

- 

- 

- 

4 

Westminster, 

- 

2 

1 

2 

- 

Upton,   . 

- 

1 

- 

2 

1 

West  Newbury,    . 

- 

1 

2 

- 

- 

Uxbridge, 

1  _ 
1 

SO 

- 

1 

1 

Weston, 

- 

2 

- 

1 

2 

Wakefield, 

i    - 

1 

9 

6 

11* 

65 

Westport, 

- 

2 

2 

1 

12 

Walpole, 

- 

7 

1 

- 

- 

West  Springfield, . 

- 

7 

66 

1 

- 

Waltham, 

- 

54 

48 

88 

82 

West  wood,    . 

- 

2 

- 

- 

- 

Ware,    . 

1    " 

20 

8 

- 

- 

Weymouth,   . 

- 

11 

14 

5 

46 

Wareham, 

- 

6 

- 

- 

Whitman, 

- 

12 

4 

- 

41 

Warren, 

1 

82 

4 

- 

1 

Wilbraham,  . 

- 

2 

4 

- 

6 

Watertown, 

- 

19 

IS 

4 

82 

Williamsburg, 

- 

1 

- 

- 

Wayland, 

- 

1 

- 

- 

- 

WillUmstown,      . 

- 

9 

6 

2 

- 

Webster, 

- 

15 

7 

- 

- 

Wilmington, . 

- 

8 

- 

8 

- 

Wellealey,     . 

- 

19 

8 

1 

8 

Wincbendon, 

- 

4 

4 

5 

7 

Westborough, 

- 

8 

1 

5 

1 

Winchester,  . 

- 

6 

16 

4 

88 

West  BoyUton, 

- 

- 

- 

1 

- 

Winthrop,     . 

- 

8 

6 

14 

9 

West  Brookfleld,  . 

- 

8 

- 

- 

- 

Wobum, 

- 

19 

16 

6 

1 

Westfleld, 

- 

8 

88 

11 

5 

Worcester,    . 

- 

150 

108 

108 

64 

Westford, 

- 

- 

1 
1 

5 

2 
8 

Yarmouth,     . 
Total,   . 

- 

~ 

- 

68 

WeethamptoD 

i>      • 

100 

4,100 

6,772 

2,606 

12,511 

Anthrax  occurred  in  the  foUowiog  place :  — 

Lynn, 1 

Glanders  occurred  in  the  following  places :  — 

Chelsea, 1 

Fall  Blver, 1 

Total, 2 

Leprosy  occurred  In  the  following  places :  — 

Boston, 2 

Harwich, » 1 

Total, 8 
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List  op  Cities  and  Towns  from  which  no  Reports  were  rkceived. 

/.    Cilies. 
None. 

//.     Towns  having  a  PopukUion  of  More  than  5,000, 

Orange.  —  1. 

///.    Towns  having  a  PopukUion  of  More  Uian  1  fiOO  but  Less  than  6,000  in  Each . 


Belchertown, 

Hinsdale, 

Oxford, 

Dennis, 

Hull, 

Rutland, 

Hamilton, 

Nantucket, 

Sterling.  —  9. 

IV.     Towns  having  Less  than  1,000  InhabUanU. 

Alford, 

Halifax, 

Plympton, 

Ash  by, 
Berkley, 

Hampden, 

l^rescott. 

Hancock, 

Richmond, 

Blandford, 

Hawley, 

Rochester, 

Bolton, 

Heath, 

Rowe, 

Box  ford. 

Holland, 

Royalston, 

Brimfield, 

Lancsborough, 

Savoy, 

Burlington, 

Leverett, 

Sunderland, 

Chesterfield, 

Lynnfield, 
Marion, 

Tolland, 

Chi  1  mark. 

Tyngs  borough. 

Clarksburg, 

Middlefield, 

Cummington, 

Monterey, 

Warwick, 

Dover, 

Montgomery, 

Washington, 

Eastham, 

Mt.  Washington, 

Wellfleet, 

Egremont, 

New  Ashford, 

Wendell, 

Erving, 
Florida, 

New  Brain  tree. 

Wen  ham. 

New  Salem, 

West  Tisbury, 

Gay  Head, 

Norfolk, 

Whately, 

Goshen, 

Peru, 

Windsor, 

Gosnold, 

Petersham, 

Worthington.  —  64. 

Gran  by. 

Phillipston, 

Greenwich, 

Plainfield, 

The  following  towns  sent  notice  to  the  Board  that  no  infectious  diseases 
had  been  reported  within  their  limits  during  the  year  1904 :  — 


Bourne, 

Buokland, 

Carver, 

Charlemont, 

Conway, 

Cottage  City, 

Edgartown, 


Enfield, 

Hanson, 

Kingston, 

Lenox, 

Lunenburg, 

New  Marlborough, 

Randolph, 


Shelburne, 

Sherborn, 

Southwick, 

West  Bridgewater, 

West  Stockbridge, 

Wrentham.  —  20. 


A  supply  of  postal  cards  for  the  purpose  of  reporting  infectioas  diseases 
to  the  State  Board  of  Health,  as  required  by  statute,  will  be  forwarded  to 
any  local  board  of  health  on  application  to  the  secretary  of  the  State  Board, 
Room  141,  State  House,  Boston. 
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IV. 

Official  Returns  of   Deaths  in  Cities  and  Large  Towns  (Revised 

Laws,  Chapter  75,  Section  12). 

In  the  following  sammary,  the  Btatiatics  of  deaths  required  by  chapter 
75,  section  12,  of  the  Revised  Laws,  are  presented.  These  statistics  are 
returned  to  the  Board  from  each  city  and  town  which  has,  '^according  to 
the  latest  census,  more  than  five  thousand  inhabitants." 

The  cities  and  towns  which  have  contributed  these  returns  for  the  year 
1904  comprise  nearly  the  same  list  as  that  of  1903.  This  list  embraces  all 
of  the  33  cities  and  the  towns  having  more  than  5,000  inhabitants  in  each. 

As  the  estimated  population  of  Easton  for  1904  is  over  5,000,  a  return 
was  sent  in  by  that  town,  this  being  the  first  time  it  has  appeared  in  the 
list.  Reading  has  also  voluntarily  contributed  returns  of  deaths  to  the 
Board  during  the  past  s^ven  years,  although  not  required  by  law  to  do  so. 

The  return  from  the  town  of  Montague  is  made  for  the  first  time,  although 
the  local  authorities  have  repeatedly  been  requested  to  submit  returns  in 
accordance  with  the  requirements  of  the  statute.  This  year  the  Board  made 
repeated  requests,  which  were  ignored  ;  and  a  communication  was  forwarded, 
stating  that,  unless  immediate  attention  was  paid  to  the  requests,  applica- 
tion would  be  made  for  a  writ  of  mandamus.  Finally,  the  matter  was 
placed  in  the  hands  of  the  Attorney-General,  and  preparations  were  made 
to  summon  the  delinquents ;  but  proceedings  were  stopped  by  the  receipt 
of  the  desired  statistics. 

The  list  for  the  year  1904  includes  95  cities  and  towns.  In  order  to 
allow  for  the  growth  of  population,  and  hence  to  arrive  at  a  fairly  accurate 
estimate  of  the  death-rates  of  these  cities  and  towns,  an  estimate  of  the 
population  of  each  city  and  town  in  1904  has  been  made,  this  estimate 
being  based  upon  the  rate  of  growth  between  the  two  census  years  1895 
and  1900. 

The  total  estimated  population  of  this  group  of  cities  and  towns  in  1904 
was  2,638,585,  or  about  85  per  cent,  of  the  estimated  total  population  of 
the  State  in  that  year. 

The  whole  number  of  registered  deaths  in  these  towns  in  1904  was  40,806, 
and  the  death-rate,  as  calculated  from  the  foregoing  estimated  population, 
was  15.47  per  1,000  of  the  living  population,  that  of  the  previous  year 
having  been  16.14  per  1,000,  and  that  of  1902  16.21  per  1,000. 

These  were  not  only  the  lowest  death-rates  of  this  reporting  population 
observed  during  the  ten  years  since  the  enactment  of  the  law  requiring 
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these  returns,  but  they  were  also  considerably  lower  than  the  nsean  annual 
death-rate  of  the  State  for  the  fifty  years  ended  Dec.  81,  1900,  which  was 
19.22  per  1,000. 

Sexes,  — The  number  of  deaths  of  males  was  20,593,  or  50.47  per  cent, 
of  the  whole  number  of  deaths  whose  sex  was  known ;  and  the  deaths  of 
females  were  20,207,  or  49.53  per  cent.  There  were  6  in  which  the  sex 
was  not  stated  in  the  returns. 

Ages.  —  The  deaths  by  four  groups  of  ages  were  as  follows :  — 


Aon. 

Deaths. 

PBSCBMTA0B8  OF 
Al.Ii  DSATRfi. 

! 

Aott. 

DeathB. 

1 

PSBCBNTAGtt  OF 

All  Dbathi. 

1»M. 

190S. 

I904. 

I9«S. 

Under  1  year,     . 
1  to  20  yean, 

8,707    : 
5,fi34 

21.35 
18.67 

21.88 
15.89 

1  20  to  50  years, 
60  and  oyer, 

10,200    1 
16,350 

26.01 
40.08 

24.36 
38.86 

Infant  MoricUUy,  — The  deaths  of  infants  under  one  year  old  were  8,707, 
or  21.84  per  cent,  of  the  total  mortality,  as  compared  with  21.tS8  per  cent, 
in  1903  ;  and  this  was  the  lowest  rate  of  infant  mortality  during  the  period 
of  eleven  years  since  the  law  was  enacted  requiring  these  returns ;  that  of 
the  five  years  1900-1904  respectively  constituted  23,  21.6,  21.7,  21.38  and 
21.34  per  cent,  of  the  total  mortality. 

The  deaths  of  children  under  five  years  old  were  11,841,  or  29  per  cent, 
of  the  total  mortality,  as  compared  with  29.7  per  cent,  for  the  same  age  in 
1903. 

All  of  the  percentages  in  the  foregoing  table  were  estimated  upon  the 
number  of  deaths  of  those  whose  ages  were  stated  in  the  returns.  The 
total  number  of  deaths  in  which  the  age  was  not  specified  was  15  ;  in  1903 
it  was  44. 

StiU'birtJis, — The  number  of  still-births  was  2,716,  and  when  compared 
with  the  total  mortality  (still-births  included),  this  was  6.2  per  cent,  of  the 
total  deaths  and  still-births  combined.     In  1903  the  percentage  was  6.3. 

Months  and  Quarters,  —  The  number  of  deaths  in  each  quarter  of  the 
year  is  shown  in  the  following  table  :  — 


Deaths. 
19M. 


First  quarter, 
Second  quarter, 
Third  quarter, 
Fourth  quarter. 
Total,    . 


11,076 
9,676 

10,318 
9,734 


40,808 


PBaCBHTAOSS. 


■••4. 


27.14 
28.71 
25.29 
23.86 


100.00 


IMS. 


27.23 
23.75 
26.09 
22.98 


100.00 
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These  percentages  differ  but  little  from  the  mean  of  several  years,  which 
usaally  shows  the  highest  mortality  in  the  third  quarter  of  the  year.  In 
1899,  1901,  1903  and  1904  the  highest  mortality  was  in  the  first  quarter. 

During  the  forty-year  period  (1856-95)  the  mortality  was  generally 
above  the  mean  in  the  third  quarters  of  the  years  and  below  it  in  the  other 
three  quarters. 

The  intensity  of  the  seasonal  death-rate  is  more  accurately  shown  in  the 
following  table,  the  method  employed  being  explained  on  page  382  in 
Section  III.  of  these  summaries,  relating  to  disease  notification.  By  this 
method  the  errors  which  are  due  to  differences  in  the  length  of  the  months 
are  eliminated. 


Deaths 

in 

Bach 

Month. 

Mean 

DaUy 

TWHit.hfi 

Cbntbsiual 
Ratio. 

• 

Deaths 

Mean 
Daily 

Deaths 
per 

Month. 

CUfTXSIUAL 

Ratio. 

per 
Month. 

19«4.« 

1908. 

in 

Each 

Month. 

t904.« 

1908. 

1II04.* 

1904.* 

January,    . 

8,751 

121.0 

108.5 

108.4 

August, 

8,601 

116.2 

104.2 

105.1 

February,  . 

8,458 

119.1 

lOtf.8 

113.9 

September, 

8,364 

112.1 

100.5 

98.0 

March, 

8,872 

124.9 

112.0 

109.3 

October,     . 

3,091 

99.7 

89.4 

88.3 

April, 

8,629 

121.0 

108.5 

105.7 

November, 

3,200 

106.7 

95.7 

86.8 

May,   . 

3,811 
2,785 

106.8 
91.2 

95.8 
S1.8 

96.3 
88.7 

December, . 
Annual  mean, 

8,443 

111.1 

99.6 
100.0 

97.6 

June,  . 

- 

111.5 

100.0 

July,  . 

3,363 

10».2 

97.0 

107.3 

*  In  ascertaining  the  mean  dally  deaths  and  the  centesimal  ratios,  allowance  was  made  for  the 
fact  that  1904  had  366  days. 


The  figures  in  the  foregoing  table  indicate  a  departure  in  excess  of  the 
mean  death-rate  in  the  first  four  months  of  the  year  and  in  August  and 
September,  while  that  of  the  remaining  months  was  below  the  mean. 

The  mean  maximum  departure  from  the  death-rate  for  each  month  for 
the  period  of  twenty  years,  1856-75,  was  32.9  per  cent,  in  August,  and  the 
twenty-year  period  1876-95  it  was  20  per  cent,  in  August,  while  that  of 
March,  1904,  was  12  per  cent,  and  those  of  January  and  April,  1904,  were 
both  8.5  per  cent. 

In  the  two  years  having  the  highest  death-rates  in  Massachusetts  in  the 
past  half-century  or  more  (1849  and  1872)  the  maximum  departures  from 
the  yearly  means  were,  respectively,  83.4  per  cent,  in  August,  1849,  and 
40  per  cent,  in  August,  1872.  That  of  January,  1890,  the  month  in  which 
the  epidemic  of  influenza  was  at  its  maximum,  was  43.4  per  cent,  above 
the  mean. 

The  figures  for  1904,  when  compared  with  those  of  earlier  years  in  the 
past  half-century,  show  a  much  greater  uniformity  in  the  seasonal  mor- 
tality, since  serious  epidemics  have  not  prevailed  in  the  State  either  in  the 
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past  year  or  in  any  of  the  years  of  the  past  decade.  The  death-rate  of 
1904,  like  those  of  1903,  1902  and  1901,  was  remarkably  low. 

Death-rates  of  Cities  and  Large  Towns,  —  In  Table  H.,  last  column,  the 
death-rates  of  cities  and  towns  having  over  5,000  inhabitants  are  given. 
These  death-rates  are  obtained  by  comparing  the  deaths  in  each  city  and 
town  with  the  estimated  population.  They  vary  from  a  minimum  of  8.5  in 
Bridgewater  to  21.5  per  1,000  in  Blackstone. 

The  following  cities  and  towns  had  death-rates  above  19  per  1,000  in 
1904:  Blackstone,  21.5;  Stoneham,  20.0;  New  Bedford,  19.6;  and  New- 
buryport,  19.3. 

Of  the  foregoing,  Blackstone  and  New  Bedford  also  had  death-rates 
above  19  per  1,000  in  1903. 

The  following  cities  and  towns  had  death-rates  less  than  12  per  1,000  in 
1904:  Williamstown,  11.7;  Fitchburg,  11.6;  Everett,  11.5+;  Norwood, 
11.4;  North  Attleborough,  1 1 .4 ;  Leominster,  11.3;  Revere,  11.2;  Clin- 
ton, 11.1  ;  Whitman,  10.9-|-;  Medfoid,  10.5;  Newton,  10.4;  Brookline, 
10.2;  Danvers,  10.2;  Concord,  8.9+;  Wellesley,  8.9;  Winthrop,  8.7; 
Bridgewater,  8.5  ;  of  these,  Bridgewater,  Everett,  Newton,  Revere,  Welles- 
ley,  Whitman,  Williamstown  and  Winthrop  also  had  death-rates  below  12 
per  1,000  in  1903. 

The  following  table  presents  the  mean  death-rates  of  cities  of  over  25,000 
population  for  the  five  census  years  1870,  1875,  1880,  1885  and  1890,  to- 
gether with  the  death-rates  for  the  years  1900  and  1904. 

In  all  of  these  cities  except  two  (Gloucester  and  Maiden)  there  appears 
to  have  been  decided  improvement. 


Death-rales  of  Certain  Cities  having  a  Population  of  More  than  25,000.    Mean 
Death-rates  of  the  Five  Census  Years  1870,  1876^  1880,  1885,  1890,  and 
for  1900  and  1904. 


Mean  Death- 

Mean  Death- 

rates,  1870, 
1875, 1880, 
!     1885  and 

Death- 
rate,  1900. 

Death- 
rate,  19(H. 

1 

1 

rates,  1870, 

1875,  1880, 

1885  and 

Death- 
rate,  1900. 

Death- 
rate.  1904. 

1890. 

1 

1890. 

Boston, 

24.1 

20.8 

17.4* 

!  Haverhill, 

17.8 

15.2 

13.8 

Worcester, 

19.7 

18.8 

14.6* 

Salem, 

22.1 

19.6 

18.8 

Fall  River,       . 

23.4 

21.0 

17.9      1 

Chelaea,  . 

19.7 

19.1 

17.2* 

Lowell,    . 

22.6 

19.6 

16.6      1 

Maiden,   . 

17.0 

14.6 

16.6 

Cambridge, 

19.9 

16.8 

14.3      , 

Newton,  . 

18.1 

14.9 

10.4 

Lynn, 

17.8 

15.8 

14.9      ! 

Fitchburg, 

17.0 

14.9 

11.6 

Lavrrence, 

26.6 

20.0 

15.8    ; 

Tnunton, 

19.6 

21.1 

18.1* 

New  Bedford, . 

20.9 

20.6 

19.6 

Gloucester, 

21.8 

14.6 

16.2 

Springfield,     . 

19.3 

18.4 

16.0 

North  Adams, 

17.7t 

14.2 

12.8 

Somerrille, 

18.2 

15.7 

13.7      1 

Quincy,    . 
Waltham, 

18.7 

14.4 

13.0 

Holyoke, . 

28.1 

21.6 

16.3      < 

15.8 

15.6 

12.8 

Brockton, 

16.2 

i 

13.8 

12.2      ; 

1 

*  Note.  ~  These  figures  for  Boston,  Chelsea,  Worcester  and  Taunton  Include  all  deaths.  By 
exclusion  of  deaths  of  non-residents  in  Boston  and  deaths  in  public  and  private  fnstituUons  In 
the  other  three  cities,  the  death-rates  would  be  reduced  to  16.4  in  Chelsea,  16.9  in  Boston,  14.4  in 
Taunton  and  18.3  in  Worcester. 

t  North  Adam»,  for  1880, 1885  and  1890  only. 
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Causes  of  Death. 

Iq  Table  III.  the  mortality  of  the  cities  and  towns  embraced  in  this  sum- 
mary is  presented  in  absolute  figures,  classified  according  to  the  principal 
causes  of  death.  The  same  figures  are  again  presented  in  relative  terms  in 
Table  IV.,  for  the  whole  group  of  cities  and  towns  combined.  Two  sets  of 
figures  are  given  in  Table  IV.,  in  one  of  which  the  mortality  from  each 
principal  cause  of  death  is  compared  with  the  estimated  population  of  the 
group  for  1904,  as  well  as  for  each  of  the  last  five  years,  and  in  the  other 
with  the  total  mortality  of  the  group  of  cities  and  towns. 

By  this  it  appears  that  the  general  death-rate  from  all  causes,  as  shown 
in  the  lower  line  at  the  left  of  the  table,  154.65  per  10,000  living,  or,  as 
usually  stated,  15.47  per  1,000,  was  lower  than  that  of  any  of  the  preced- 
ing years ;  and,  since  the  population  comprised  in  these  returns  constitutes 
over  85  per  cent,  of  that  of  the  whole  State,  there  are  indications  that  the 
death-rate  of  the  State  was  less  than  that  of  any  year  in  the  past  century. 

As  in  1903,  the  decline  in  the  general  death-rate  is  chiefiy  due  to  a  de- 
crease in  the  relative  number  of  deaths  from  infectious  diseases,  and  espe- 
cially from  those  which  are  usually  considered  preventable. 

The  death-rates  from  each  of  the  following  causes  was  less  than  that  of 
1903 :  smallpox,  measles,  scarlet  fever,  diphtheria,  whooping-cough,  ty- 
phoid fever,  cerebro-spinal  meningitis,  puerperal  fever,  influenza,  malarial 
fever,  cholera  infantum,  pneumonia,  bronchitis  and  diseases  of  the  kidneys. 
Those  of  measles,  scarlet  fever,  diphtheria,  whooping-cough,  typhoid  fever, 
cerebro-spinal  meningitis,  puerperal  fever,  malarial  fever,  cholera  infantum, 
pneumonia  and  bronchitis  were  also  less  than  the  death-rates  from  the 
same  causes  in  any  of  the  last  five  years. 

The  following  table,  first  published  in  the  report  of  1899,  presents  the 
combined  death-rate  from  eight  of  the  principal  infectious  diseases,  and 
also  shows  that  this  combined  death-rate  in  1904  was  less  than  that  of  any 
of  the  years  embraced  in  this  series  of  reports. 

The  diseases  referred  to  are  consumption,  measles,  scarlet  fever,  diph- 
theria, whooping-cough,  typhoid  fever,  puerperal  fever  and  cholera  infan- 
tum. 

The  combined  death-rate  per  10,000  of  the  population  from  these  eight 
causes  for  the  ten  years  (1895-1904)  in  the  cities  and  towns  included  in 
this  report  (about  five-sixths  of  the  total  population  of  the  State)  was  as 
follows :  — 
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Combined  Dealh-rcUe  from  Eight  Principal  Infectious  Diseases. 


Tbab. 


Combined 

Death-rate  per 

10,000. 


1896, 
18»6, 
1897, 
1898, 
1899, 


46.4 
46.8 
3{).7 
36.8 
3fi.2 


Tbab. 


Combined 

Death-rate  per 

10,000. 


1900, 
1901, 
1902, 
19U8, 
1904, 


40.7 
33.5 
80.9 
30.7 
27.0 


The  death-rate  from  consumpiioD,  while  less  than  in  1902,  was  higher 
than  during  1903,  being  16.05  in  1904,  15.66  in  1903  and  16.38  In  1902. 

The  seasonal  table  which  appeared  in  the  earlier  reports,  presenting  the 
deaths  by  months  for  each  city  and  town  and  for  the  whole  State,  is  omitted 
in  the  present  report,  since  the  details  presented  in  this  table  are  not  of 
essential  value.  Its  chief  value  consisted  in  the  column  of  total  figures  for 
the  State,  which  is  retained  essentially  in  the  table  on  page  390. 

The  table  of  percentages  of  total  mortality  shown  in  Table  lY.  acts  in  a 
measure  as  a  check  or  control  in  case  of  erroneous  estimates  of  population. 

The  changes  in  the  death-rate  from  consumption,  typhoid  fever  and  puer- 
peral fever  (see  child-birth  in  report  of  1896,  page  804)  were  quite  fully 
treated  in  the  report  of  1896.  To  these  may  be  added  the  later  comments 
on  the  changes  in  the  death-rate  from  diphtheria,  which  appear  in  the  fig- 
ures of  the  past  ten  years. 

The  following  preventable  causes  of  death,  consumption,  measles,  scar- 
let fever,  diphtheria,  whooping-cough,  typhoid  fever,  puerperal  fever  and 
cholera  infantum,  together  constituted  27.2  per  cent,  of  the  total  mortality 
in  1894,  but  had  fallen  off  to  24.2,  24.2,  21.9,  21.1,  20.4,  22.3,  19.9, 19.0, 
19.0  and  17.5  in  the  ten  succeeding  years;  while  the  principal  acute  lung 
diseases,  diseases  of  the  heart,  brain,  kidneys,  cancer,  suicide  and  accident 
had  increased  from  35.7  per  cent,  of  the  total  mortality  to  36.9,36.9,  38.5, 
39.2,  40.2,  38.6,  40.1,  42.7,  43.0  and  45.7  per  cent,  in  the  same  year. 

These  all  combined  constituted  the  greater  part  of  the  total  mortality  in 

each  of  the  eleven  years  1894-1904,  and  of  the  diseases  specified  in  the 

table  entitled  the  ^'  Balance  of  Mortality,"  in  the  annual  report  of  1896, 

page  812. 

Table  I. 

Population  of  Cities  and  Large  Towns  estimated  for  1904. 


Rbpobtino  Gxtibs  akd  Towns. 

Estimated 

Population  for 

11I04. 

Rbfobtino  CrriBs  akd  Towns. 

Estimated 

Population  for 

1904. 

Adam?, 

Ameebury 

Amherst 

Andover, 

14,745 
9,478 
6,224 
7,349 

Arlington, 

Athol 

Attleborough 

Bkveklv, 

10,275 

7.061 

14,661 

15,807 
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Table  I.  —  Concluded. 


Rbfohtiho  Gitih  and  Touths. 


Estimated 
Population  for 


BlackBtone, . 

Boston, 

Braintree, 

Brtdgewater, 

Bbockton, 

Brookline,    . 

Cambridoe, 

Chelsea, 

Chicopeb, 

Clinton, 

Concord, 

Danvere, 

Dedham, 

Easthampton, 

Easton, 

Everett, 

Fall  Riveb, 

FrrcHBUBO, 

Framlngbam, 

FrankllD, 

Gardner, 

Gloucester, 

Great  Barrington 

Greenfield,  . 

Haverhill, 

Hlnghani, 

Holyoke,   . 

Hudson, 

Hyde  Park, . 

Lawrence, 

Leominster, 

Lowell, 

Lynn,  . 

Malden, 

Marblchead, 

Marlborough, 

Medford,  . 

Melrose,  . 

Metbuen, 

Mlddleborouffb, 

MllXord, 

Milton, . 

Montague,   . 

Natlck. 

New  Bedford, 


6,721 

617,»fiO 

6,617 

6,702 

46,601 

28,676 

100,998 

86,499 

21,69-2 

16,604 

6.032 

8,830 

7,663 

6.266 

6,168 

30,209 

119,349 

86,336 

12,974 

6,017 

12,324 

26,121 

6,702 

9,283 

39,061 

6,251 

60,638 

6,670 

14,600 

72,:«8 

16,711 

104,402 

73,876 

37,205 

7,682 

13,609 

21,966 

13,819 

8,968 

7,041 

18,771 

7,426 

6,224 

10,028 

68,863 


RaroHTiNo  Ciths  ahd  Towns. 


Estimated 

Population  for 

19M. 


Newbcryport, 

Newton,     . 

North  a  dams, 

Northampton, 

North  Attleborough, 

North  bridge, 

Norwood, 

Orange, 

Palmer, 

Pea  body, 

Pittsfield, 

Plymouth, 

SUINCY, 
eadlng, 
Revere, 
Rockland, 
Salem, 
SauguB, 

SOMERVILLE, 

South  bridge, 
Spencer, 
Springfield, 
Sioneham,    . 
Stoughton,   . 
Taunton,   . 
Wake  Held,   . 
Waltham,  . 
Ware,   . 
Watertown, 
WebBter, 
Wellesley,    . 
West  borough, 
Wehlflcld.    . 
West  Springfield, 
Weymouth, . 
Whitman,     . 
Willlamstown, 
Wlnchendon, 
WlnchcBter, 
Winthrop,    • 

WOBURN,      . 

Worcester, 


14,419 

39,310 

29,201 

20,314 

7,798 

8,436 

6,204 

6,648 

8,667 

12,406 

22,870 

11,139 

26,798 

6,169 

13,609 

5,827 

37,188 

6,662 

70,413 

11,716 

7,639 

72,020 

6,197 

6,678 

84,677 

10,078 

26,797 

8,761 

11,675 

9,608 

6,748 

6,632 

13,809 

7,889 

11,350 

6,483 

5,118 

5,409 

8,128 

7,650 

14,315 

136,925 


Total, 


2,638,585 


The  death-rate  of  Amesbury,  Athol,  Blackstone,  Franklin,  Gloucefiter, 
Marblebead,  Marlborough,  Newburyport,  Rockland  and  Stoneham  was  based 
on  the  population  of  1900,  these  towns  having  slightly  decreased  in  popula- 
tion in  (he  five  years  which  elapsed  between  the  census  of  1895  and  1900. 
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Table  IV. 

Deaths  from  Specified  Causes,  1904,  in  Cities  and  Towns  required  to  report  to 
the  State  Board  of  Health,  Deathrrales  per  10,000  (1900-1904),  Deaths 
per  1,000  from  All  Causes,  1900-1904, 


1 
Deaths. 

1 

MoBTALmr  PBB  10,000  or  thb 

POPULATIOir. 

Dbaths  m  1,000  rBOM  All 
Gadbbs. 

Caubbs  op  Dbath. 

X 

• 

• 

• 

s 

• 
1 

■ 

1 

• 

1 

1    ^ 
103.76 

■ 

1 

s 

• 
1 

■ 

1 

Consumption,  . 

4,284 

16.06 

15.66 

16.88 

17.63 

18.66 

97.06 

101.06 

104.58 

101.60 

Smallpox, 

8 

0.03 

0.08 

1.12 

0.89 

0.008 

0.20 

0.61 

6.89 

2.30 

0.046 

Measles 

166 

0.63 

0.69 

0.92 

0.73 

0.99 

4.04 

4.27 

6.66 

4.35 

6.44 

Scarlet  fever,  . 

118 

0.48 

1.76 

1.18 

1.46 

1.51 

2.77 

lO.ftt 

6.99 

8.64 

8.29 

Diphtheria  and  croup,    . 

628 

2.88 

2.94 

8.22 

4.40 

5.87 

16.39 

18.20 

19.84 

26.13 

32.12 

Whooping-cough,    . 

119 

0.46 

1.64 

0.96 

0.84 

1.27 

2.92 

10.19 

5.96 

4.99 

6.86 

Typhoid  fever, 

420 

1.69 

1.81 

1.88 

1.96 

2.25 

10.29 

11.24 

11.59 

11.61 

12.84 

Cercbro-spinal  menin- 
gitis. 
Erysipelas, 

297 
164 

1.13 
0.68 

1.38 
0.35 

1.39 
0.44 

1.46 
0.47 

1.68 
0.66 

7.28 
3.77 

8.23 
2.16 

8.60 
2.74 

8.69 
2.79 

8.91 
3.66 

Puerperal  fever, 

70 

0.27 

0.33 

0.32 

0.34 

0.87 

1.72 

2.04 

1.96 

2.00 

2.01 

Influenza, 

208 

0.77 

1.06 

0.43 

1.90 

2.28 

4.97 

6.60 

2.64 

11.29 

12.44 

Malarial  fever. 

80 

0.11 

0.16 

0.15 

0.19 

0.22 

0.74 

1.02 

0.94 

1.14 

1.28 

Cholera  Infantum,  . 

1,874 

6.21 

6.89 

6.05 

6.11 

9.87 

33.67 

36.60 

37.86 

86.28 

64.10 

Dysentery, 

166 

0.68 

0.62 

0.70 

0.72 

0.75 

4.07 

8.88 

4.35 

4.25 

4.12 

Diarrhcoa    and    cholera 

morbus. 
Pneumonia, 

947 
4,181 

8.59 
15.&5 

3.29 
16.48 

8.71 

16.07 

3.64 
16.66 

8.84 
18.40 

23.21 
102.46 

20.36 
102.11 

22.88 
99.21 

20.99 
98.83 

21.00 
100.70 

Bronchitis, 

1.117 

4.23 

4.55 

4.69 

4.47 

6.09 

27.37 

28.17 

28.96 

26.50 

27.88 

Diseases  of  the  heart, 

4,276 

16.21 

16.25 

16.66 

15.70 

16.16 

104.79 

94.52 

96.40 

93.12 

88.46 

Diseases  of  the  brain  and 

spinal  cord. 
Diseases  of  the  kidneys. 

8,816 
2,175 

12.66 
8.24 

11.15 

8.45 

12.17 
7.38 

10.41 
7.75 

10.81 
7.82 

81.24 
63.30 

69.10 
62.86 

75.12 
45.57 

61.76 
46.01 

69.00 
40.06 

Cancer,     .... 

1,938 

7.84 

7.06 

6.91 

6.10 

6.53 

47.49 

43.70 

42.66 

36.76 

35.76 

Suicide 

278 

1.03 

1.05 

1.02 

1.05 

0.99 

6.69 

6.50 

6.30 

6.22 

6.39 

Accident 

1,867 

6.14 

6.43 

5.40 

5.39 

5.20 

33.25 

33.66 

83.31 

31.95 

28.50 

Unknown  or  ill-deflned 

448 

1.70 

1.91 

1.64 

1.77 

2.63 

10.98 

11.84 

10.11 

10.52 

14.38 

causes. 
All  causes. 

40,806 

154.65 

161.32 

162.07 

168.58 

182.60 

- 

- 

- 

- 

- 
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The  following  digest  consiBtB  chiefly  of  extracts  from  the  annual  reports  of 
the  boards  of  health  of  cities  and  towns  for  the  year  1904,  illustrating  the  char- 
acter and  extent  of  the  sanitary  work  performed  by  the  local  authorities. 

One  hundred  cases  of  smallpox  were  reported  for  the  year  1904,  as 
against  417  for  the  year  1903  and  2,305  for  the  year  1902,  showing  a 
marked  decrease  in  the  prevalence  of  this  disease. 

There  has  been  a  decrease  in  the  number  of  reported  cases  of  scarlet 
fever  for  the  year  1904,  as  compared  with  the  number  reported  for  1903. 
The  largest  number  of  deaths  from  this  disease  occurred  in  Springfield  (7 
deaths  in  129  cases),  the  fatality  being  5.4  per  cent.  In  Boston  there  were 
966  reported  cases  and  39  deaths,  a  fatality  of  4.0  per  cent.  In  Cam- 
bridge, 135  cases  with  3  deaths,  the  fatality  being  2.2  per  cent. ;  in  Fall 
River,  102  cases  with  2  deaths,  the  fatality  being  1.9  per  cent. ;  in  Lowell 
the  fatality  was  4.2  per  cent.,  in  Somerville  2.5  per  cent.,  in  Worcester 
2.1  per  cent.,  while  in  Newton  it  was  about  1  per  cent. 

Following  the  extracts  from  the  reports  of  local  boards  of  health  will 
be  found  a  table  showing  the  visits  and  inspections  made  by  the  medical 
inspector  of  the  State  Board  of  Health,  for  the  purpose  of  aiding  local 
authorities  in  controlling  the  spread  of  smallpox. 

The  following  numerical  statement  of  bacteriological  work  performed  by 
local  boards  of  health  is  also  taken  from  the  annaal  reports  of  those  boards 
for  the  year  1904 :  — 

Bacteriological  Work  performed  by  Local  Boards  of  HeaUh  and  by  the  8UUe  Board 

of  Health,  1904. 


Diphtheria 
Cultures. 

Tubercnlosis. 

Typhoid 
FeTsr. 

Mslaria. 

Fadoigesof 

Antitoxin 

distributed. 

Boston,* 

9,237 

8,115 

1,164 

134 

.. 

Brockton,t 

176 

219 

69 

44 

- 

Brookltne, 

648 

118 

fi8 

26 

- 

Cambridge, 

1,488 

267 

275 

•> 

- 

Fall  RlTer. 

289 

— 

147 

— 

~ 

Fltobbunr, 
Green  fleld, 

63 

98 

46 

— 

- 

20 

— 

i- 

Holyoke, 

878 

- 

— 

- 

- 

Lowell,    . 

1,889 

2R7 

181 

7 

- 

Lynn, 

New  Bedford, 

987 
239 

86 

4 

— 

^ 

Newton,  . 

66 

— 

76 

- 

- 

Palmer,  . 
Somerville, 
Springfleld,     . 
waltham, 

87 
1,429 

124 

76 

— 

- 

1,431 
228 

19 
27 

— 

— 

— 

Worcester, 

1,828 

422 

- 

- 

- 

State  Board  of  Health,t  § 

1,014 

.       494 

204 

24 

22,265 

*  Glanders,  147;  other  diseases,  91. 
X  Other  diseases,  8. 


t  Other  diseases,  56. 

$  Six  months  ending  Sept.  80, 1904. 
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Amesbury. 

After  moDths  of  Batisfactory  conditionB,  a  single  case  of  scarlet  fever 
was  reported.  Aboat  one  week  later  8  cases  were  reported  in  one  day. 
So  rapidly  did  it  spread  that  in  a  few  days  the  board  found  that  they  were 
grappling  with  the  most  extensive  epidemic  that  had  invaded  the  town  for 
years.  Upon  investigation,  it  was  found  that  nearly  all  of  the  first  80  cases 
followed  in  the  track  of  one  milk  supply.  It  was  thought  best  to  ask  the 
aid  of  the  State  Board  of  Health  in  determining  the  cause  and  the  amount 
of  quarantine  regulations  advisable.  The  State  inspector  was  soon  on  the 
scene,  and,  acting  in  conjunction  with  the  local  board,  visited  not  only  this 
milk  farm,  but  every  case  that  had  been  reported  at  that  date.  It  was 
learned  that  no  scarlet  fever  had  occurred  at  the  farm  for  some  years,  and 
everything  about  the  place  was  neat  and  clean.  Further,  it  appeared  that 
several  cases  of  scarlet  fever  had  occurred  about  town,  of  so  mild  a  charac- 
ter as  to  be  unrecognized.  From  these,  and  by  that  system  of  milk  deliv* 
ery  practised  within  the  past  few  years,  of  leaving  individual  receptacles 
which  were  supposed  to  be  cared  for  by  the  householder,  but  which  really 
received  insufficient  attention,  the  disease  was  transmitted  broadcast.  The 
owner  of  the  milk  route  suffered  a  financial  loss  and  injustice  for  that  in 
which  he  was  in  no  way  responsible.  The  fault  is  in  the  system  of  dis- 
tribution followed  by  him  and  others,  which  we  heartily  condemn,  unless 
the  producer  is  provided  with,  and  will  use,  adequate  means  for  sterilizing 
the  bottles  and  cans. 

The  quarantine  was  not  observed  in  all  cases  to  the  satisfaction  of  the 
board.  They  must  perforce  rely  upon  the  attending  physician  to  see  that 
the  details  are  enforced.  Cases  have  come  to  our  notice  where  members 
of  the  family  have  been  allowed  undue  latitude,  and  even  to  resume  work, 
before  the  process  of  disinfection  bad  been  complete.  Every  medical  man 
should  join  his  efforts  with  the  board  of  health  in  the  attempt  to  control 
this  or  any  other  of  the  dreaded  diseases.  Fortunately,  the  cases,  number- 
ing nearly  80,  have  been  mild  in  character. 

Beverly. 

Such  inspection  of  bakeries  as  is  prescribed  by  law  has  been  made.  In 
a  majority  of  cases  these  important  places,  where  so  much  of  our  food 
product  is  manufactured,  were  found  to  be  in  a  good  general  condition. 
Twelve  bakeries  are  at  present  in  operation  in  the  city. 

The  steady  growth  of  the  city  constantly  increases  the  amount  of  garbage 
to  be  collected  and  gotten  rid  of.  The  collection  of  garbage  the  past  year 
has  been  done  by  parties  licensed  by  the  board  to  collect  in  allotted  sections 
of  the  city.  The  greater  part  of  the  amount  collected  has  been  disposed 
of  outside  of  the  city. 
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Boston. 

The  total  number  of  deaths  for  the  year  was  10,757,  an  increase  over  the 
previoas  year  of  125  deaths.  The  death-rate  for  the  year,  as  calculated, 
is  17.50  per  1,000  inhabitants.  This  rate  is  less  by  .19  than  that  of  the 
previous  year,  and  the  lowest  on  the  city's  record.  There  were  2,311 
deaths  from  infectious  diiseases,  including  consumption,  an  increase  of  19 
deaths.  There  were  8  less  deaths  from  diphtheria  and  croup  than  in  1903, 
but  a  large  proportionate  increase  in  the  number  of  cases.  The  percentage 
of  deaths  to  the  number  of  cases  of  diphtheria  reported  was  8.12,  as  against 
10.32  per  cent,  the  preceding  year.  There  were  39  deaths  from  scarlatina, 
26  less  deaths  than  in  the  preceding  year,  and  84  deaths  less  than  the  aver- 
age for  the  five  previous  years.  Typhoid  fever  caused  135  deaths  during 
the  year,  16  more  deaths  than  the  preceding  year.  The  respiratory  dis- 
eases caused  fully  27  per  cent,  of  the  mortality  for  the  past  year. 

Disinfection^  2904, —  Materials  used. 

Formaldehyde, 1,860  gallons. 

Alcohol  (for  heat), 785  gallons. 

Chloride  of  lime, 49,000  pounds. 

Bichloride  of  mercury, 875  pounds. 

Chloride  of  sodium  (in  mixing), 1,050  pounds. 

Medical  Inspection  of  Schools.  —  Summary, 

Specific  infectious  diseases, 516 

Oral  and  respiratory  diseases, 1,318 

Diseases  of  the  ear, 123 

Diseases  of  the  eye, 714 

Diseases  of  the  skin, 3,985 

Miscellaneous  diseases, 3,743 

Found  free  from  disease, 5,753 

Total 16,152 

Number  of  pupils  examined  in  the  schools, 16,152 

Number  recommended  to  be  sent  home, 3,259 

Number  consultations  with  teachers  (about  pupils  returning  to 

school,  etc.), 2,372 

Contagious  Diseases.  —  The  reduction  in  the  mortality  from  diphtheria 
since  1895  has  been  due  principally  to  the  extensive  use  of  antitoxin  and 
skilful  intubation,  both  in  hospital  and  in  the  homes.  The  average  annual 
percentage  of  mortality  to  the  total  number  of  cases  of  diphtheria  for  ten 
years  prior  to  the  use  of  antitoxin  in  1895  was  35.66  per  cent.  The  per- 
centage of  mortality  since  1895  has  been  11.53  per  cent.  No  case  of  small- 
pox was  found  in  this  city  during  the  calendar  year  ending  Dec.  31,  1904. 
If  simple  isolation  and  disinfection  have  been  responsible  for  the  greatly 
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diminished  morbidity  and  mortality  from  scarlet  fever  in  Boston  since  1877, 
they  have  been  more  effective  than  in  any  other  infectious  disease  in  oar 
city.  Smallpox  alone  has  been  diminished  as  much,  but  in  that  disease  we 
have  the  advantage  of  vaccination,  which  supersedes  all  other  measures. 
The  annual  mortality  from  scarlet  fever  for  ten  years  previous  to  1877 
averaged  317,  and  for  the  twenty-eight  years  since  it  has  averaged  116. 
The  average  annual  number  of  deaths  from  smallpox  in  Boston  from  1840 
to  1878  inclusive  was  86.7,  and  from  1874  to  1904  inclusive  10.9. 

Milk  Inspection.  —  The  condition  of  the  milk  sold  in  Boston  has  as  a 
whole  proved  satisfactory,  and  the  number  of  prosecutions  was  not  mate- 
rially  larger  than  for  the  preceding  year.  During  the  summer  months  it  was 
found  that  some  of  the  cream  upon  the  market  was  being  preserved  by  the 
use  of  sodium  benzoate.  A  large  number  of  samples  were  collected,  and 
subjected  to  analysis.  This  resulted  in  the  conviction,  with  substantial 
fines,  of  four  sellers  of  the  cream,  and  the  stopping  of  further  use  of  this 
preservative.  The  employment  of  other  preservatives  and  of  coloring 
matters  in  milk  has  been  reduced  to  a  minimum.  A  number  of  contractors 
have  issued  circular  letters  to  the  farmers  whose  milk  they  purchase,  ex- 
plaining the  necessity  of  proper  methods  of  milking,  cooling  and  storage ; 
and  it  is  their  intention,  in  making  new  contracts,  to  provide  that  the  milk 
sent  to  Boston  shall  have  been  produced  under  conditions  approved  by  the 
board  of  health. 

The  total  number  of  samples  collected  and  examined  was  18,846,  as 
follows :  — 

Number  of  samples  of  milk  from  wagons, 6^12 

Number  of  samples  of  milk  from  stores, 6,499 

Number  of  samples  of  milk  brought  in  by  citizens,     .        .  169 

Number  of  samples  of  milk  (bacteriological),     ....  8,300 

Total  milk  samples, 16,780 

Number  of  samples  of  vinegar, 608 

Number  of  samples  of  butter,  cheese  and  oleomargarine,    .        .      1,468 

Total  samples, 18,846 

Stables,  —  Hearings  were  had  on  fifty-two  applications  for  the  occupation 
of  stables,  with  the  following  result :  — 

Granted, 34 

Refused 10 

Awaiting  action, 5 

Withdrawn, 8 

Examination  of  Plunabers.  —  During  the  past  year  weekly  examinations 
have  been  held  by  the  board  of  examiners  of  plumbers.  Of  the  number 
who  applied  for  masters'  licenses,  31  passed  satisfactory  examinations  and 
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were  granted  licenses  and  43  were  refused,  not  having  passed  satisfactory 
examinations.  Of  those  who  applied  for  journeymen's  licenses,  50  were 
granted  and  74  refused. 

Dumps,  —  The  growth  of  the  city,  and  with  it  the  enormous  increase  of 
waste  matter  to  be  gathered  up  and  so  disposed  of  as  to  prevent  its  becom- 
ing a  source  of  annoyance  and  sickness,  call  for  greater  care  in  its  disposal. 
The  board  respectfully  begs  to  refer  again  to  its  recommendation  in  its 
annual  report  of  1895  for  the  systematic  burning  of  this  waste  material  in 
several  sections  of  the  city,  and  at  moderate  cost,  to  abate  one  of  the  great 
sources  of  annoyance  and  complaint  throughout  the  city. 

Poultry.  —  In  October  the  board  passed  the  following  regulation  respect- 
ing the  killing  and  keeping  of  poultry  :  — 

Voted^  That  no  live  chickens,  geese,  turkeys,  ducks  or  other  fowls  shall  be 
brought  into  or  k«pt  or  held  or  offered  for  sale  or  killed  in  any  place  in  the  city 
of  Boston  without  a  permit  therefor  in  writing  from  the  board  of  health,  which 
permit  shall  be  subject  to  revocation  by  said  board  at  any  time ;  and  it  is  further 

Ordered^  That  no  carcass  of  poultry  shall  ba  plucked  in  said  city  except  in  such 
places  as  are  now  or  may  hereafter  be  assigned  by  said  board  for  said  purpose ; 
and  it  Is  further 

Ordered^  That  no  carcass  of  unplucked  poultry  shall  be  brought  into  or  exposed 
or  offered  for  sale  or  sold  in  said  city. 

Bacteriological  Laboratory.  —  Plans  were  made  and  approved  in  the  early 
part  of  the  year  for  the  removal  of  the  laboratory  to  a  new  location  on 
Boylston  Street,  and  on  Aug.  29, 1904,  the  transfer  took  place.  No  inter- 
ruption of  the  routine  work  was  permitted,  but  special  investigations  were 
much  hampered,  and,  in  most  instances,  abandoned.  The  most  satisfactory 
feature,  from  the  executive  standpoint  and  the  standpoint  of  the  physi- 
cian, has  been  the  introduction  of  a  new  device,  original  with  the  director 
of  the  laboratory,  for  the  delivery  of  cultures  directly  into  an  incubator. 
This  device  is  available  to  a  messenger  from  the  physician  at  any  hour  after 
the  laboratory  closes  at  6  p.m.  About  one  hundred  cultures  per  month 
have  arrived  in  this  way,  all  of  which  would  have  been  delayed  about  thirty- 
six  hours  under  the  old  methods. 

Special  work  in  the  line  of  new  devices  was  as  follows :  porous  tops  for 
Petri  dishes ;  method  for  preparing  specimens  for  staining  flagella ;  stain- 
ing bath  for  Gram's  method ;  a  method  of  preparing  dialysing  membranes ; 
a  new  form  of  water-pressure  filter  for  toxins,  mallein,  etc. 

This  laboratory  now  acts  as  a  depot  for  the  distribution  to  physicians  of 
vaccine  and  antitoxin  made  by  the  Massachusetts  State  Board  of  Health, 
and  supplies  mallein,  made  in  this  laboratory,  to  veterinarians. 

Inspection  of  Animals.  —  The  inspector  of  animals  reports  76,777  animals 
slaughtered  at  the  abattoir.  One  hundred  and  thirty-one  animals,  weighing 
in  the  aggregate  1 1,880  pounds,  were  condemned. 
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Tvrenty-eight  cases  of  actinomycosis  were  foand.  Tuberculosis  was 
found  in  282  cattle  and  2  swine. 

The  inspection  of  cattle  kept  for  the  prodaction  of  milk  within  the  city 
limits  has  been  continued  as  heretofore.  Five  animals  were  found  tuber- 
culous, and  quarantined.  Six  cases  of  actinomycosis  were  found  in  cows 
kept  for  the  production  of  milk. 

Suspicious  cases  of  glanders  among  horses  to  the  number  of  292  have 
been  reported  to  the  board  of  health,  of  which  212  were  found  to  be  in- 
fected. 

Six  cases  of  suspected  rabies  have  been  reported  to  the  board,  one  of 
which  proved  to  be  a  case  of  rabies,  which  was  brought  to  one  of  the 
veterinary  hospitals  in  this  city  from  Somerville. 

Brockton. 

In  praise  of  the  work  of  the  bacteriological  department,  and  of  its  im- 
portance, too  much  cannot  be  said.  During  the  past  year  nearly  600  exam- 
inations have  been  made  for  the  physicians  of  the  city ;  for  diphtheria,  115, 
of  which  only  28  were  found  positive,  thus  relieving  many  households  (in 
some  cases  several  in  a  house)  from  quarantine,  which  a  clinical  examina- 
tion might  have  required,  and  which  imposes  a  great  and  sometimes  unneces- 
sary hardship.  We  are  pleased  to  state  that  this  branch  of  our  department 
is  receiving  the  most  hearty  commendation,  not  only  from  the  physicians  of 
the  city,  but  from  many  citizens  who  are  acquainted  with  the  work  it  is 
accomplishing. 

Antitoxin  has  been  supplied  freely,  and  the  confining  of  the  disease  to 
the  one  sick,  in  families  where  there  were  several  children,  we  believe  is  due 
to  immunizing  with  500  unit  injections  the  other  members  of  the  families, 
—  a  practice  which  the  board  insists  shall  be  adopted  by  all  physicians  just 
as  far  as  possible.  We  also  believe  the  low  death-rate  is  due  in  a  measure 
to  the  free  use  of  antitoxin  as  quickly  as  possible,  whenever  and  wherever 
a  clinical  examination  indicates  diphtheria  to  be  present. 

• 

Brookline. 

There  were  66  persons  admitted  to  the  hospitals  for  contagious  diseases, 
1  more  than  last  year.  The  maintenance  of  the  hospitals  has  cost  consid- 
erably less  than  last  year,  largely  because  there  were  a  good  many  excep- 
tional expenditures  last  year  before  the  hospitals  were  in  thorough  working 
order.  There  have  been  some  further  expenses  of  the  same  kind  this  year 
and  some  repairs ;  also  one  of  the  old  wooden  buildings  has  been  exten- 
sively fitted  up  and  improved. 

Much  has  been  done  in  the  way  of  filling  up  or  draining  off  unnecessary 
pools  of  standing  water  which  were  affording  breeding  places  for  mosquitoes, 
and  water  which  could  not  be  drained  off  has  in  many  cases  been  petrolized, 
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particalarly  in  the  street  catch-basins.  A  good  many  landowners  are  dis- 
posed to  co-operate  willingly,  either  doing  the  work  themselves  or  paying 
the  cost  of  it,  bat  there  are  still  some  who  have  done  little  or  nothing. 
There  are  fewer  people  than  there  were  who  believe  that  mosquitoes  can  be 
wholly  exterminated  in  a  single  season,  but  there  is  an  increasing  number 
who  think  that  much  good  will  be  accomplished  by  the  work  that  is  being 
done. 

The  need  in  this  neighborhood  of  more  adequate  hospital  accommoda- 
tions for  poor  patients  in  the  advanced  and  most  infections  stage  of  con- 
sumption is  still  very  great.  It  is  practically  impossible  for  a  consumptive 
in  the  latter  stages  to  live  in  a  boarding-house  or  tenement  without  being  a 
real  menace  to  the  health  of  those  about  him. 

From  Feb.  1,  1904,  to  Jan.  31,  1905,  the  disinfector  for  the  board  dis- 
infected with  formaldehyde  and  corrosive  sublimate  solution,  or  formalin, 
as  follows :  61  rooms  and  11  bath-rooms  after  30  cases  of  diphtheria ;  46 
rooms  and  6  bath-rooms  after  34  cases  of  scarlet  fever ;  24  rooms  after  23 
cases  of  tuberculosis;  also  the  3  bath-rooms,  basements,  hallways  and 
elevators  of  two  apartment  hotels  after  a  case  of  the  latter  disease ;  1  room 
each  after  fatal  cases  of  typhoid  fever,  erysipelas  and  cancer;  and  145 
library  books.  He  has  also  disinfected,  upon  recommendation  of  the  at- 
tending physician,  after  2  cases  of  measles,  2  of  diphtheria  exposure,  1 
of  tuberculosis,  1  of  typhoid  fever,  and  a  quantity  of  clothing,  books,  etc., 
all  of  which  was  paid  for  by  the  parties  for  whom  the  work  was  done,  when 
able  to  pay  for  it,  if  not,  it  was  done  at  the  expense  of  the  health  depart- 
ment. 

Every  milk  wagon  has  been  examined,  and,  when  necessary,  suggestions 
have  been  made  as  to  the  proper  arrangement  of  boxes  and  compartments 
and  the  packing  of  milk  bottles,  with  a  view  to  prevent  unnecessary  noise, 
as  well  as  to  prevent  contamination  of  milk  and  receptacles  by  contact  with 
dirty  cans,  blankets,  etc.  A  special  circular  on  this  subject  was  issued  to 
milkmen  August  1.  Pressure  has  also  been  brought  to  bear  upon  owners 
of  defective  and  noisy  wagons,  also  upon  noisy  drivers,  thereby  stopping 
much  unnecessary  annoyance  from  this  source. 

Cambridge. 

The  most  pressing  need  from  the  standpoint  of  preventive  medicine  is, 
and  for  years  has  been,  a  hospital  with  ample  accommodations  for  cases  of 
diphtheria,  scarlet  fever  and  measles.  At  the  present  time  the  diphtheria 
hospital  can,  when  every  bed  is  occupied,  accommodate  19  patients.  The 
Cambridge  Hospital  can  accommodate,  without  overcrowding,  8  cases  of 
scarlet  fever.  There  is  no  place  for  the  reception  of  cases  of  measles. 
This  is  a  condition  of  affairs  not  creditable  or  humane  in  a  city  of  100,000 
inhabitants.  In  case  of  a  great  outbreak  of  one  of  the  diseases  mentioned 
above,  the  board  of  health  would  be  heavily  handicapped  in  any  effort  to 
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limit  the  spread  of  that  disease,  as  the  most  efficacious  method  for  sach 
limitation  is  the  prompt  isolatioo  in  hospital  of  the  early  cases.  Though 
the  outbreak  of  an  infectious  disease  may  not  be  attended  by  a  large  fatal- 
ity, the  amount  of  privation  and  misery  it  may  entail  on  the  poor  is  not 
easily  to  be  estimated. 

During  the  year  the  inspector  of  provisions  believed  it  advisable  to  rec- 
ommend to  the  board  the  passage  of  a  regulation  which  would  prevent  ex- 
posing for  sale,  outside  of  stores  or  shops,  meat,  poultry,  game  or  fish,  and 
require  the  taking  of  proper  precautions  to  prevent  the  accumulation  of  dust 
on  the  food  so  exposed,  and  also  to  ensure  the  preservation  of  the  goods  in 
warm  weather.  The  good  results  received  from  the  regulation  which  was 
passed  by  the  board  would  make  it  seem  advisable  to  include  in  a  similar 
prohibition  the  method  of  selling  dates  and  figs.  At  the  present  time 
these  articles  are  often  kept  on  stands  outside  of  stores,  and  are  exposed 
to  any  accumulations  of  dust  or  filth  that  may  be  blown  about  by  the  winds. 
It  does  not  seem  probable  that  food  thus  exposed  is  fit  for  consumption. 

Medical  Inspection  of  Schools,  —  The  diseases  discovered  in  the  schools 
and  the  number  of  cases  were  as  follows  :  — 

Chicken-pox, 9 

Measles, 16 

Mumps, 21 

Whooping-cough, 3 

Pediculosis, 191 

Diseases  of  ear, 24 

Diseases  of  eye, 67 

Diseases  of  nervous  system, 12 

Diseases  of  skin, 166 

All  other  diseases, 217 

Total, 716 

Chicopee. 

In  cases  of  typhoid  fever,  investigations  were  made  and  information 
sought  relative  to  the  sources  of  water,  ice  and  milk  with  which  the 
patients  were  supplied  during  a  period  of  two  months  ending  with  date  of 
illness,  in  order  to  determine,  if  possible,  where  and  how  the  disease  was 
contracted.  Several  cases  were  reported,  the  causes  of  which  were  traced 
outside  of  the  city. 

Fall  Rfver. 

The  number  of  cases  of  scarlet  fever,  diphtheria,  typhoid  fever,  small- 
pox and  all  contagious  and  preventable  diseases,  reported  for  the  year,  are 
small  compared  with  that  of  any  previous  year  or  with  that  of  other  Mas- 
sachusetts cities  as  compared  with  the  population. 

This  condition  is  due,  in  the  opinion  of  the  members  of  the  board,  to  the 
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vigoroas  action  taken  in  1903,  during  tlie  prevalence  of  the  smallpox  and 
typhoid  fever  outbreaks,  when  stringent  measures  were  taken  to  stamp 
these  diseases  oat,  and  keep  them  out  if  possible. 

First.  —  By  excluding  milk  from  sale  in  the  city  from  any  suspected 
source,  until  satisfied  beyond  the  possibility  of  a  doubt  that  it  could  not 
convey  the  germs  of  any  disease. 

Second.  —  By  assuming,  under  the  rules  of  the  State  Board  of  Health, 
with  the  consent  of  the  Watuppa  Water  Board,  jurisdiction  over  the  source 
of  water  supply  of  the  city,  to  prevent  the  possibility  of  any  pollution  or 
contamination  of  the  water  of  North  Watuppa  Pond  and  its  tributaries  by 
householders  or  in  the  harvesting  of  ice,  and  by  prohibiting  skating,  boat- 
ing, fishing,  bathing,  and  washing  clothes  in  the  water,  or  holding  picnic 
parties  on  the  shore  thereof.  This  has  met  with  the  almost  unanimous 
approval  of  our  citizens,  including  those  who  previously  enjoyed  the  pas- 
times prohibited,  and  about  the  only  criticism  heard  was  surprise  expressed 
that  those  precautions  had  not  been  taken  years  ago. 

Third.  —  By  a  general  vaccination  in  all  the  public,  parochial  and  private 
schools  in  the  city  and  the  districts  where  smallpox  appeared. 

Fourth.  ~^By  a  general  medical  inspection  of  all  the  schools  in  the  city, 
and  the  fumigation  that  followed  in  schools  and  dwelling-houses  supple- 
mented by  the  sanitary  inspections  afterwards  made  and  the  subsequent 
cleaning  up  of  premises  foupd  in  need  of  it,  which  produced  the  best  sani- 
tary conditions  obtained  in  the  city  for  a  number  of  years. 

By  an  order  adopted  by  the  board  a  year  ago,  the  vaccination  of  all  per- 
sons is  made  compulsory  under  the  provisions  of  the  Public  Statutes  of  the 
Commonwealth,  and  a  certificate  of  successful  vaccination  is  required  as  a 
prerequisite  to  entering  any  school  in  the  city,  with  the  result  that  there  is 
practically  no  pupil  attending  any  public  or  private  school  in  the  city  who 
is  not  vaccinated  or  in  possession  of  a  certificate  of  exemption  according  to 
law  under  the  regulation  of  the  board  of  health. 

Thorough  vaccination  is  the  best  known  preventative  against  the  spread 
of  smallpox  if  it  should  again  appear,  and  there  is,  perhaps,  no  community 
more  thoroughly  fortified  against  the  invasion  of  this  disease,  in  this  way, 
than  the  city  of  Fall  River.  1,723  persons  were  vaccinated  under  the  order 
above  referred  to  during  the  past  year. 

FiTCHBURG. 

In  February,  1904,  the  board  strengthened  the  efiSeiency  of  the  quaran- 
tine regulations  by  passing  the  following  votes :  — 

Voted,  That  rules  13  and  14  of  the  rules  and  regulations  of  the  board  of  health 
shall 'apply  to  Sabbath  schools  and  church  services. 

Voted,  That  the  pastors  and  Sunday-school  superintendents  of  the  city  be  noti- 
fied to  the  above  effect. 
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By  so  doing,  pupils  in  all  the  schools  of  the  city  are  now  placed  under 
the  same  restrictions  during  the  period  of  quarantine.  Several  superintend- 
ents of  our  Sunday-schools  have  expressed  satisfaction  on  account  of  the 
advanced  step  taken  in  these  matters  by  the  board.  As  a  result  of  this 
vote,  whenever  a  scholar  in  any  school  is  reported  sick  with  a  contagious 
disease,  the  superintendent  of  the  Sunday-school  which  the  scholar  attends 
is  notified  of  the  fact,  as  well  as  the  teacher  in  the  day  school,  and  the  said 
scholar  is  not  allowed  to  attend  either  public  school  or  religious  services 
until  released  from  quarantine.  At  the  same  meeting  the  board  adopted 
rules  to  be  observed  during  quarantine,  and  to  be  posted  in  or  near  the 
door  of  the  sick  room. 

The  inspection  of  the  houses  in  which  occurred  the  42  cases  of  diphtheria, 
croup,  scarlet  fever  and  typhoid  fever,  during  1904,  showed  the  plumbing 
to  be  in  poor  condition  in  only  one  instance  in  a  case  of  diphtheria  and,  in 
one  of  typhoid  fever.  This  bears  out  the  previous  observations  of  the 
board  in  regard  to  the  relation  of  plumbing  to  contagious  and  infectious 
diseases. 

Haverhill. 

The  routine  work  of  the  department  has  been  similar  to  that^f  the  previ- 
ous years.  There  are  not  so  many  complaints  of  vaults  and  cesspools  as 
there  were  a  few  years  ago,  and  less  unsanitary  plumbing.  Practically  all 
the  privy  vaults  (1,679  in  all)  and  cesspools  iti  sewered  streets  have  been 
abolished,  and  water-closets  with  sewer  connections  have  taken  their  place. 
The  plumbing  and  house  sewerage  systems  in  fully  two-thirds  of  the  build- 
ings in  the  city  have  been  reconstructed  and  modernized  since  the  passage 
of  the  plumbing  ordinance. 

HOLTOKE. 

The  board  would  once  again  call  attention  to  the  imperative  need  of  a 
hospital  for  the  care  of  diseases  of  a  contagious  nature,  especiaUy  diph- 
theria and  scarlet  fever.  The  value  of  such  institutions  is  being  realized 
more  and  more  each  year,  and  many  cities  of  the  State  now  have  such  ac- 
commodations, which  greatly  aid  in  the  control  of  epidemics  of  such  dis- 
eases. With  our  large  tenement  districts,  it  is  evident  that  we  should  have 
such  a  building  at  our  command  in  the  city. 

The  present  pest-house  in  use  by  the  city  is  well  suited  in  most  ways, 
and  furnishes  a  very  satisfactory  as  well  as  secluded  place  of  confinement 
for  persons  suffering  with  smallpox.  Improvements  recommended  last 
year  should  be  made.  A  sanitary  system  should  be  arranged  to  remove 
the  sewage  from  the  building,  and  a  satisfactory  receptacle  made  for  the 
same.  A  small  addition  should  also  be  made  to  include  a  disinfecting 
room  for  those  who  are  obliged  to  visit  the  building,  and  also  a  bath-room 
for  the  use  of  patients.  These  necessities  are  indispensable,  and  should 
receive  immediate  attention. 
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Leominster. 

The  board  has  hired  a  small  room  centrally  located,  and  has  begun  fit- 
ting it  up  for  laboratory  work,  has  purchased  many  utensils  and  articles 
needed  for  its  equipment,  and  will  proceed  to  still  further  equip  it  as  fast 
as  it  is  needed. 

We  hope  within  a  short  time  to  have  this  equipped  and  a  competent  man 
installed  who  will  be  at  all  times  available,  so  as  to  be  able  to  fully  examine 
any  specimen  left  there  by  any  physician  in  town,  and  the  result  given 
within  a  short  time. 

Lowell. 

For  failure  to  comply  with  the  requirements  of  the  statutes  of  the  Com- 
monwealth and  the  regulations  of  the  board  of  health  in  regard  to  the  burial 
of  the  body  of  a  person  dying  with  a  contagious  disease,  an  undertaker's 
license  was  revoked  for  one  month.  The  particular  offence  was  allowing  a 
public  funeral  and  permitting  four  young  boys  to  act  as  bearers,  in  a  case 
where  the  deceased  died  with  diphtheria. 

For  allowing  the  father,  who  himself  bad  diphtheria,  to  go  in  a  public  I 

carriage  to  the  cemetery  for  the  burial  of  his  child  who  had  died  with  diph- 
theria, another  undertaker's  license  was  revoked  for  fifteen  days. 

These  penalties  were  exacted  for  disciplinary  purposes,  the  board  feeling 
that  the  undertakers  were  becoming  too  careless  concerning  their  responsi- 
bilities in  preventing  the  spread  of  contagious  diseases. 

Lynn'. 

During  the  year  1904,  from  January  1  to  December  31,  there  were  ad- 
mitted to  the  contagious  disease  hospital  83  cases  of  diphtheria  and  25 
cases  of  scarlet  fever.  One  case  in  addition  to  the  above  mentioned  was 
successfully  treated  for  a  complication  of  scarlet  fever  and  diphtheria. 
There  were  no  deaths  from  scarlet  fever. 

We  now  admit  to  the  hospital  patients  suffering  from  erysipelas,  who, 
for  any  reason,  cannot  be  treated  at  home. 

One  thousand  and  sixty  bottles  of  antitoxin,  each  containing  1,500  units, 
have  been  used  in  the  treatment  of  diphtheria  patients  at  the  hospital  dur- 
ing the  year.  Forty-six  bottles  have  been  used  outside  of  the  hospital  for 
immunizing  purposes. 

Since  the  establishment  of  the  laboratory,  which  enables  us  to  determine 
with  absolute  certainty  the  quality  of  any  given  sample  of  milk,  and  whether 
it  has  been  watered  or  adulterated  in  any  way,  frequent  examinations  have 
been  made  of  the  milk  sold  by  our  dealers  and  milkmen.  £very  store  has 
been  visited  several  times  during  the  year,  and  samples  taken  for  analysis. 
The  milkmen  are  intercepted  on  their  routes,  and  samples  taken  nearly 
every  month.     Should  occasion  require,  samples  are  taken  immediately, 
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and  in  each  case  a  copy  of  the  analysis  of  the  chemist  is  famished  to  the 
dealer  or  milkman,  so  they  may  know  just  tbe  quality  of  the  milk.  Fre- 
quent inspections  have  been  made  of  the  dairies  and  miik  rooms,  especially 
in  regard  to  their  cleanliuess,  and  also  in  respect  to  sanitary  condition. 
During  the  year  848  visits,  have  been  made,  and  such  information  as  was 
necessary  given  as  to  changes  which  should  be  made. 

Malden. 

The  wisdom  of  the  medical  inspection  of  the  public  schools  has  been 
proved  by  the  small  number  of  the  graver  contagious  diseases  that  have 
occurred  during  the  year.  All  tbe  schools  are  at  present  under  sanitary 
supervision,  and  the  board  feels  that  the  small  expense  for  that  work  is 
justifiable.  Over  1 ,800  suspected  cases  were  examined  by  the  physicians, 
and  many  excluded  from  the  schools,  thus  preventing  further  contagion. 

During  the  year  the  city  government  has  voted  for  the  erection  of  a  con- 
tagious hospital,  and  we  hope  when  it  is  in  working  order  for  a  still  further 
reduction  in  the  number  of  contagious  diseases. 

New  Bedford. 

During  the  year,  in  compliance  with  statutory  requirements,  an  isolation 
hospital  has  been  erected.  It  should  be  equipped  at  once,  and  placed  in 
readiness  for  the  reception  of  patients.  The  board  feels  that  the  city  is 
to  be  congratulated  upon  the  possession  of  a  hospital  for  the  care  of  patients 
afflicted  with  diphtheria  or  scarlet  fever,  who,  living  in  boarding-houses 
and  large  tenement  blocks,  endanger  others,  oftentimes  being  the  means  of 
causing  epidemics  of  those  diseases.  We  believe  its  usefulness  will  be 
better  appreciated  as  the  people  become  better  acquainted  with  its  con- 
veniences, situated  as  it  is  in  a  most  healthful  locality,  with  an  abundance 

of  pure  air. 

Newton. 

In  the  matter  of  free  examination  of  specimens  of  sputum  for  the  detec- 
tion of  tubercle  bacilli,  the  recommendation  of  the  department  was  reported 
upon  favorably  by  the  finance  committee  and  passed  by  the  board  of  alder- 
men. The  department  promptly  prepared  the  necessary  outfits  for  collect- 
ing specimens,  and  notified  the  physicians  of  the  city  that  they  could  be 
obtained  at  the  various  culture  stations  after  Jan.  1,  1905. 

The  department  considers  this  a  distinct  step  in  advance,  and  one  which 
helps  to  keep  abreast  of  the  steady  advance  in  health  work. 

Too  much  stress  cannot  be  laid  upon  the  necessity  of  early  treatment  in 
diphtheria,  as  the  mortality  is  in  direct  proportion  to  the  delay  in  beginning 
treatment.  With  the  exception  of  these  cases,  there  was  nothing  remarka- 
ble about  the  occurrence  of  the  disease  during  the  year. 

Milk  Farms.  —  All  milk  farms  in  the  city  where  more  than  seven  cows 
are  kept  for  the  purpose  of  producing  milk  for  sale  have  been  inspected 


No.  34.]  HEALTH   OF   TOWNS.  419 

moothly  by  the  agent,  and  smaller  farms  have  been  inspected  at  frequent 
intervals.  Most  of  the  milk  used  in  the  city  is  produced  on  farms  outside 
of  tbe  city  limits,  and  the  sanitary  condition  of  many  of  these  farms  is  far 
from  satisfactory.  No  regular  inspection  of  such  farms  is  made  by  this 
department,  and  in  some  near-by  communities  there  is  a  total  lack  of  local 
oversight.  This  condition  suggests  the  necessity  of  some  general  law  pro- 
viding for  the  supervision  and  control  of  milk  producers. 

The  occurrence  of  suspicious  cases  of  typhoid  fever  on  the  route  of  a 
dealer  selling  milk  produced  outside  the  city  is  always  made  the  occasion 
of  an  examination  of  tbe  producer's  premises  ;  and  in  this  manner  danger- 
ous conditions  have  several  times  been  discovered,  and  improvements  in- 
sisted on  in  cases  which  would  not  otherwise  come  within  the  jurisdiction 
of  this  board. 

North  Adams. 

In  the  regular  routine  of  the  work  of  the  board  there  have  been  made 
during  the  year  637  quarantine  inspections  and  fumigations,  69  milk  in- 
spections and  763  general  inspections  of  houses  and  premises.  Besides 
these,  some  hundreds  of  special  inspections  of  houses  and  persons  were 
made  by  the  chairman  and  the  physician  of  the  board  during  the  months 
from  August  to  October  inclusive. 

The  board  would  call  attention  to  the  marked  diminution  in  the  typhoid 
fever  cases  occurring  in  the  city  during  the  two  years  of  office  of  the 
present  board,  the  number  for  1904  being  31.  It  was  for  the  purpose  of 
eradicating  this  disease  from  our  city  that  we  employed  a  physician  to  the 
board. 

Northampton. 

In  March  the  attention  of  the  board  was  called  to  the  condition  of  the 
Robert's  meadow  water-shed.  It  was  found  that  several  farmhouse  privies 
in  this  area  drained  almost  directly  into  brooks  which  are  part  of  North- 
ampton's water  supply,  and  that  at  one  of  these  places  a  case  of  typhoid 
fever  had  recently  occurred.  At  the  request  of  this  board  the  State  Board 
of  Health  made  regulations  to  prevent  the  pollution  of  Northampton's 
water  supply,  and,  acting  by  the  authority  of  these  rules,  the  board  of 
water  commissioners  have  greatly  improved  matters ;  but  Northampton 
will  never  be  entirely  free  from  the  danger  of  typhoid  epidemic  until  cer- 
tain farms  have  been  bought  by  the  city. 

PiTTSFIELD. 

We  would  recommend  that  the  city  consider  the  question  of  erecting  some 
small  building  for  the  treatment  of  contagious  diseases.  The  city  is  called 
upon  to  care  for  many  cases  of  diphtheria,  smallpox  and  scarlet  fever,  by 
reason  of  a  lack  of  means  in  the  families  of  the  patients.  Maintaining  an 
effective  quarantine  is  often  difficult,  and  the  expense  of  food,  medicine  and 
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repayment  for  articles  necessarily  destroyed  when  quarantine  is  raised  is 
often  large.  We  think  that  a  small  detention  building  would  prevent  the 
spread  of  contagion,  and  enable  the  city  to  handle  its  cases  at  less  expense. 

Pbovincetown. 

The  past  year  has  been  a  very  favorable  one  as  regards  the  health  of  the 
community,  a  very  few  cases  of  contagious  diseases  having  occurred.  A 
number  of  cases  of  diphtheria  were  reported,  and  the  dwellings  wherein  the 
cases  occurred  were  promptly  placed  under  quarantine.  The  local  physi- 
cians attending  the  same  were  furnished  with  culture  tubes  and  antitoxin 
received  from  the  State  Board  of  Health,  so  that  the  disease,  which  at  one 
time  threatened  to  become  epidemic,  was  stamped  out,  and  all  danger  for 
the  time  being  was  averted,  no  case  proving  fatal.  No  other  contagious 
disease  has  been  reported  to  us  during  the  past  year. 

QUINCT. 

This  year,  as  in  past  years,  the  board  has  endeavored  to  carry  out  the 
work  of  improvement  of  the  city's  sanitary  condition  through  the  enact- 
ment and  enforcement  of  the  rules  and  regulations.  Having  that  object 
in  view,  our  efforts  have  been  rewarded  in  a  measure,  and  we  note  with 
satisfaction  a  decrease  in  contagious  diseases  over  previous  years.  The 
number  of  cases  of  infectious  diseases  reported  to  the  board  of  health  the 
past  year  has  been  less  than  in  the  previous  year.  The  death  rate,  based 
on  the  estimated  population,  has  been  12.57  per  thousand,  as  against  13.51 
in  1903. 

Rules  regulating  barber  shops  have  also  been  enacted,  copies  of  which 
have  been  posted  in  every  shop,  that  the  public  may  know  what  is  required 
from  barbers  in  the  way  of  cleanliness  and  hygiene. 

The  collection  of  garbage  has  been  done  in  as  satisfactory  a  manner  as 
could  be  expected,  with  the  limited  means  at  hand.  The  various  locations 
known  as  *^  dumps"  have  been  inspected  at  intervals  and  kept  free  from 
nuisance. 

The  bakery  shops  have  also  been  inspected,  and  made  to  comply  with 
the  statutes  as  much  as  practicable. 

The  following  licenses  were  issued  by  this  board  in  1904 :  plumbers,  32 ; 
undertakers,  6 ;  scavenger,  1  ;  garbage,  30. 

Salem. 

During  the  year  the  board  visited  Hyde  Park,  and,  after  inspecting  their 
system  of  collecting  swill  in  metal  barrels,  caused  a  team  to  be  put  on  for 
the  same  purpose  in  Salem.  The  idea  promises  to  s6lve  much  of  the  trouble 
about  unloading  upon  the  city  dump,  and  will  for  most  of  the  year  (except 
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ing  very  cold  weather)  be  a  good  thing.     A  second  team  is  now  being 
similarly  constructed,  and  two  horses  have  been  purchased. 

In  the  city  there  are  24  bakeries,  large  and  small,  25  per  cent,  of  which 
are  considered  by  the  inspector  of  the  board  as  not  Gt  places  for  the  manu- 
facture of  food  ;  another  25  per  cent,  are  in  fair  shape,  and  the  balance  in 
good  condition.  According  to  the  conditions  as  a  whole  throughout  the 
city,  a  beginning  was  made  none  too  soon  to  bring  about  proper  sanitary 
conditions  in  these  places.  Even  now,  after  a  number  of  warnings,  some 
of  the  bakers  have  not  tried  to  any  extent  to  bring  their  places  within  the 
scope  of  the  statute.  There  is  much  difficulty  for  some  of  them  to  liter- 
ally comply  with  the  law,  because  they  are  located  in  cellars,  or  in  old  and 
dilapidated  buildings  that  are  practically  beyond  repair.  These  places, 
unless  radically  changed,  should  be  condemned,  and  the  proprietors  com- 
pelled to  locate  in  more  suitable  buildings. 

SOUTHBRIDGE. 

In  common  with  many  other  towns  and  cities  of  the  State,  we  have  had 
an  epidemic  of  diphtheria  during  the  season.  One  hundred  and  eighty-six 
cases  have  been  reported,  with  18  deaths.  It  is  significant  that  more  than 
two-thirds  of  the  fatal  cases  were  those  who  had  no  medical  attendance, 
or  in  which  a  physician  was  not  called  until  the  patient  was  beyond  help. 
It  is  practically  certain  that,  had  these  cases  been  reported  promptly,  a 
number  of  valuable  lives  would  have  been  saved.  We  hope  the  public  will 
more  and  more  realize  the  need  and  value  of  sanitary  work,  and  give  the 
board  its  hearty  assistance  in  its  efforts  to  render  the  town  clean  and  free 
from  contagion. 

Springfield. 

More  important,  probably,  than  the  laboratory  examination  of  milk,  is 
the  oversight  of  the  conditions  under  which  milk  is  produced  at  the  farm. 
It  is  the  intention  of  the  board  to  take  every  precaution  to  exclude  from 
the  city  milk  that  is  not  produced  under  safe  conditions,  to  say  the  least, 
and  to  very  greatly  improve  the  conditions  as  to  cleanliness  in  all  things 
relative  to  the  actual  collection  and  care  of  the  milk  before  and  after  it  is 
brought  to  the  city. 

Medical  Inspection  of  Schools,  —  The  board  of  health  has  been  in  favor 
of  the  medical  inspection  of  schools  in  this  city  for  a  long  time,  and  has 
known  of  the  interest  of  the  school  board  in  this  connection.  The  matter 
has  been  agitated  recently,  and  it  is  hoped  that  arrangements  may  be  made 
the  coming  year  so  that  either  this  board  or  the  school  board  may  be  enabled 
by  the  means  of  a  suitable  appropriation  to  take  up  this  important  work. 
During  the  last  few  months  case  after  case  of  illness  of  one  sort  or  another 
has  been  referred  to  the  board  of  health  office  or  to  the  health  physician  by 
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school  teachers,  for  diagnosis,  treatment  and  advice.  While  the  board  does 
not  consider  that  the  ordinary  contagious  diseases  are  spread  by  means  of 
the  school,  personal  visits  to  the  schools  show  that  there  are  cases  con- 
stantly coming  to  the  teachers'  notice  which  demand  medical  advice.  Con- 
tagious skin  diseases  are  not  at  ail  uncommon  in  the  schools,  and  the 
teachers  cannot  be  expected  to  promptly  or  properly  realize  the  nature  of 
these  affections. 

During  the  latter  part  of  the  week  ending  December  24,  several  cases  of 
scarlet  fever  were  reported  from  the  upper  residential  portion  of  the  city. 
Investigation  showed  that  the  families  in  question  took  milk  from  the  same 
milkman.  It  should  be  stated  at  this  point  that  the  last  known  case  of 
scarlet  fever  in  this  city  previous  to  this  was  that  of  a  small  child  who  was 
removed  to  the  isolation  hospital  from  a  tenement  house  in  one  of  the  poorer 
portions  of  the  city  on  November  22.  This  child  had  recovered  and  been 
sent  home  before  the  outbreak  in  question  began.  There  was,  therefore, 
so  far  as  known,  no  scarlet  fever  in  the  city  at  the  time  of  this  outbreak, 
nor  could  it  be  connected  in  any  possible  way  with  the  case  just  described. 
Investigation  also  showed  no  cases  of  illness  among  those  having  to  do  with 
the  milk  on  this  route.  Cases  continued  to  be  reported,  however,  during 
the  succeeding  week,  and  a  further  investigation  was  carried  on,  taking  the 
form  of  a  personal  inspection  of  the  hands  and  feet  of  those  having  any- 
thing whatsoever  to  do  with  handling  the  milk.  The  milk  cans  were  washed 
at  a  place  other  than  where  the  milk  was  produced,  and  no  sign  of  any  con- 
tagion was  found  at  this  point.  The  dairy  was  found  to  be  in  excellent 
condition,  managed  by  a  firm  much  interested  in  keeping  their  place  neat 
and  clean.  No  cases  of  sickness  were  found  here,  but  the  last  person  to 
be  examined,  a  young  man  of  about  twenty-three,  showed  peeling  on  the 
hands  and  feet.  Careful  questioning  brought  about  the  facts  that  about 
the  first  of  December  this  man  had  a  sore  throat  for  two  days,  but  during 
this  time  he  kept  at  work,  missing  none  of  his  meals,  nor  did  he  confess  to 
having  been  sick  in  any  other  way.  This  man  was  then  sent  to  the  isola- 
tion hospital,  where  he  remained  four  weeks,  desquamating  freely.  The 
dairyman,  although  somewhat  skeptical  at  first  that  this  was  the  cause  of 
the  infection  among  his  customers,  was  soon  convinced  of  the  truth  of  the 
matter,  and  did  everything  in  his  power  to  assist  the  board  of  health  in 
preventing  further  spread  of  the  disease.  He  marketed  no  milk,  by  order 
of  the  board,  from  December  29  until  January  13,  a  period  of  fifteen  days, 
and  during  this  time  the  dairyman's  house  was  thoroughly  fumigated,  all 
the  barn  implements  and  utensils  used  in  connection  with  the  milk  washed 
in  hot  water  and  disinfected,  the  stable  whitewashed  and  the  cows  washed 
twice. 

In  all  31  cases  of  scarlet  fever  occurred  in  families  taking  milk  from  this 
one  dairyman,  these  eases  being  reported  between  the  dates  of  December 
20  and  January  3.     The  disease  subsided  very  promptly  after  the  supply 
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of  milk  from  this  source  was  stopped,  and  daring  this  period  of  two  weeks 
but  one  other  case  of  scarlet  fever  not  on  this  route  was  reported,  and  that 
seemed  to  be  a  case  secondary  to  the  one  already  reported.  The  disease  in 
each  case  ran  a  comparatively  mild  course,  but  there  was  a  marked  degree 
of  peeling  in  many  cases.  No  fatalities  resulted.  The  average  period  of 
isolation  was  five  weeks. 

A  consideration  of  the  number  of  families  served  by  this  dairyman  showed 
that,  of  the  total  number  of  cases  of  scarlet  fever  at  this  time,  there  were 
six  families  in  which  more  than  one  member  was  attacked.  It  appeared 
that  most  of  the  families  affected  were  served  with  the  morning's  milk. 
This  fact  cannot  but  suggest  the  possibility  of  a  rather  hasty  toilet  in  the 
morning  before  proceeding  to  milk  the  cows.  In  conclusion,  it  seems  evi- 
dent that  the  cause  of  this  scarlet  fever  epidemic  was  due  to  the  use  of 
milk  unmistakably  infected  by  the  milker  milking  with  freely  desquamating 
hands. 

Waltham. 

A  general  inspection  of  the  dairies  in  this  city  and  of  several  of  those  in 
neighboring  towns  from  which  a  portion  of  our  milk  supply  is  derived  has 
been  made  during  the  year,  and,  while  the  conditions  surrounding  the  pro- 
duction of  this  important  article  of  food  were  found  to  be  reasonably  satis- 
factory, yet  there  is  room  for  improvement. 

In  several  places  milk  is  stored  in  rooms  within  or  adjoining  the  cow 
barn,  where,  during  the  process  of  cooling  and  until  tightly  sealed  within 
the  cans  for  delivery,  it  is  exposed  to  the  prevailing  atmosphere  of  the 
barn.  As  milk  is  known  to  be  a  ready  absorbent  of  gases,  it  should  be 
removed  as  soon  as  drawn  to  an  atmos[)here  as  nearly  pure  and  free  from 
all  odors  as  the  most  sanitary  surroundings  will  produce. 

Watertown. 

Much  work  has  been  done  during  the  past  season  in  cleaning  up  stag- 
nant pools,  ponds  and  brooks.  In  this  connection  the  Board  gave  its 
attention  to  the  suppression  of  the  mosquito  nuisance.  There  are  in  the 
town  some  fifteen  ponds,  large  and  small,  which  were  cleaned  up  and 
treated  with  crude  petroleum.  In  addition  to  the  ponds,  the  catch-basins 
connected  with  the  drainage  system  were  treated  several  times.  These  are 
prolific  breeding  places  for  the  mosquito  during  the  warm  months. 

Worcester. 

The  good  work  of  the  isolation  hospital  has  continued  during  the  past 
year.  Last  year  we  reported  the  remarkably  low  mortality  rate  of  8.8  per 
cent,  for  diphtheria  treated  at  the  hospital.  This  year  we  have  great  pleas- 
ure in  reporting  that  the  rate  of  mortality  has  been  reduced  to  1.4  per  cent. ; 
that  is  to  say,  of  67  cases  treated,  many  of  them  severe,  only  1  died. 
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Proportion  of  Case*  reported  in  the  CUy  which  were  treated  at  the  Hospital. 


Diphtheria 
(Per  Cent.). 

Scarlet  Feyer 
(Per  Cent.)- 

Diphtheria 
(Per  Cent.). 

Scarlet  Fever 
(Per  Cent.). 

1897 

20.80 

7.00 

1W/X|  .... 

33.80 

28.88 

1808, .        .        .        .  r 

28.90 

9.70 

1902, .        .        •        . 

46.26 

21.68  • 

iJOUu§  «          •           •           ■ 

29.70 

17.70 

1903,. 

46.83 

20.23 

1900,. 

38.80 

27.20 

IW/V,  .           .          ■           • 

61.49 

28.67 

Mortality  Rale  for  Diphtheria^  by  Tears, 


1897, 
1898, 
1899, 
1900, 


8.67 


1901, 


7.77 
5.79 
8.84 
1.49 


8.69 
7.20 
8.00 


1902, 
1903, 
1904, 


The  gradual  drop  in  our  mortality  rate  for  diphtheria,  as  shown  in  the 
above  table,  is  very  gratifying.  It  also  signally  proves  the  great  value  of 
antitoxin,  for,  while  all  other  conditions  and  methods  of  treatment  have 
been  practically  unchanged  during  these  eight  years,  the  death-rate  has  de- 
creased in  direct  ratio  to  the  increased  dosage  of  serum.  We  believe  that 
the  conditions  which  exist  here  for  demonstrating  the  efficacy  of  the  remedy 
are  particularly  good,  and  make  the  statistics  valuable,  even  though  the 
numbers  treated  are  not  great. 

In  the  first  place,  the  patients  are  placed  under  ideal  hygienic  conditions 
made  possible  by  the  situation  of  the  hospital.  Sunlight  and  fresh  air  are 
unrestricted.  Then  all  local  treatments,  which  harass  and  exhaust  the 
patients,  are  abandoned,  and  we  simply  rely  upon  the  serum  to  combat  the 
disease.  During  convalescence  patients  are  guarded  by  rest  in  bed  and  a 
restricted  diet  until  nature  has  bad  time  to  repair  the  injured  tissues.  We 
emphasize  this  treatment  because  of  the  unfortunate  prejudice  which  seems 
to  still  exist  in  the  public  mind  against  antitoxin.  The  average  dosage 
per  patient  the  past  year  has  been  11,085  units.  The  largest  amount  any 
one  person  received  was  42,000  units,  and  was  given  in  6,000  unit  doses 
every  six  hours.  Three  thousand  units  was  the  minimum  amount.  Rashes 
of  greater  or  less  severity  were  very  common  during  the  first  part  of  the 
year,  but  during  the  last  three  months  scarcely  any  have  been  seen.  These 
are  due,  we  believe,  to  the  irritating  properties  of  one  particular  lot  of 
serum.  The  only  death  from  diphtheria  was  due  to  pneumonia  complicat- 
ing the  disease  in  an  infant  one  year  old. 
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Abiogton  and  Bookland,  water  sapply  of,  examinatioo  of 11.V160 

Accident,  mortality  from  (tables) 400,  40i 

Actinomycoeis,  mortality  from 403 

Acnshnet  Blyer  (New  Bedford) ,  adyice  of  the  Board  relative  to  the  taking  of 

Bhellfish  from  the  bed  of 101 

Aonte  lang  diseases,  mortality  from  (tables) 376,  378 

Adams,  water  supply  of,  examination  of 113-176 

Advice  of  the  Board  to  cities,  towns  and  corporations  npon  water  supply,  sewer- 
age, etc 3 

Agawam,  water  supply  of,  data  relating  to  (table) 113 

Allspice,  examination  of 327 

Almond  extract,  examination  of 322 

Amesbury,  health  of 408 

Water  supply  of,  examination  of 113-176 

Amherst,  water  supply  of,  examination  of 113-160 

Analyses  of  sewage 198 

Analyst,  report  of 309 

Andover,  water  supply  of,  examination  of 113-160 

Anthrax,  mortality  from 403 

Reported  case  of 387 

Antitoxin,  diphtheria,  report  upon  the  production,  distribution  and  use  of  .        .  349 

Use  of,  in  hospitals  and  private  practice 854,  356 

Appropriations xxxiv 

Arlington,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161). 

Ashbumham,  water  supply  of,  data  relating  to  (table)                                   .  ■      .  113 

Ashfield,  water  supply  of,  advice  of  Board 5 

Data  relating  to  (table) 113 

Athol,  water  supply  of,  examination  of 113-160 

Attleborough,  water  supply  of,  advice  of  Board 6 

Examination  of 113-176 

(Town  Farm) ,  advice  of  Board  relative  to  the  water  of  a  well        ...  7 

(Watson-Newel  1  Company) ,  advice  of  Board  relative  to  the  water  of  certain 

wells 8 

Avon,  water  supply  of,  examination  of 113-176 

Ayer,  water  supply  of,  examination  of 113-176 

Bacilli,  diphtheria,  persistence  of,  in  the  throats  of  patients  convalescent  from 

diphtheria 362 

Tuberculosis,  examination  of  sputum  suspected  of  containing  364 

B.  coll  results,  filtered  Merrimack  Biver  water 286 

Bacteria,  growth  of,  in  filtered  water 289 

Percentage  of,  removed  from  water  by  coagulation  and  sedimentation  .        .  287 

Bacterial  examination,  diphtheria 353 

Bacteriological  work  performed  by  local  boards  of  health,  1904     ....  407 

Barnstable  and  Yarmouth,  water  supply  of,  advice  of  Board         ....  8 
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Bane,  water  supply  of,  examination  of 113-160 

(Stetson  Home) ,  water  snpply  of,  adyice  of  Board 9 

Bay  View  (Dartmouth) ,  water  supply  of,  adyice  of  Board 12 

Belmont,  water  snpply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

Beyerly,  health  of 408 

Water  supply  of  (  see  Salem,  pp.  117-161) . 

Billerica,  water  supply  of,  examination  of 114-176 

Blaokstone  Biyer,  examination  of 180 

Aboye  sewage  precipitation  works 180 

Below  sewage  precipitation  works 180 

AtMillyllle 181 

AtUxbridge 181 

Boards  of  health,  local,  bacteriological  work  performed  by,  1904  ....  407 

Boot  and  shoe  industry,  inyestigation  of xxyi 

Boston,  health  of 409 

Water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161). 

(Jamaica  Park) ,  advice  of  Board  relative  to  water  obtained  from  a  spring 

and  the  city  mains 10 

Brain  and  spinal  cord,  diseases  of,  mortality  from  (tables)    .        .        .        .        »  400, 404 

Braintree,  water  supply  of,  examination  of 114-176 

Bridgewater  and  Bast  Bridgewater,  water  snpply  of,  examination  of    .                .  114-176 
Briggs  and  Allyn  Manufacturing  Company  (Lawrence) ,  advice  of  Board  with 

reference  to  the  water  of  a  well 32 

Brockton,  advice  of  Board  relative  to  sewage  disposal 71 

Health  of 412 

Brockton  and  Whitman,  water  supply  of,  examination  of 114-161 

Bronchitis,  mortality  from  (tables) 400, 404 

Brookfield,  water  supply  of,  examination  of 114-126 

Brookline,  health  of 412 

Water  supply  of,  examination  of 114-176 

Butter,  examination  of 318 

Cambridge,  health  of 418 

Water  supply  of,  advice  of  Board  to  town  of  Weston,  relative  to  use  of  land 

for  cemetery  near  source  of fi9 

Examination  of 114-161 

Cancer,  mortality  from  (tables) 400, 404 

Canned  goods,  examination  of 331 

Published  results  of  analysis  of 331 

Canton  (Neponset  Woolen  Mills) ,  advice  of  Board  relative  to  pollution  of  Ne- 

ponset  River 100 

Water  supply  of,  examination  of 114-176 

Carr,  M.  W.,  and  Co.  (Somerville) ,  advice  of  Board  relative  to  the  use  of  the 

water  of  a  cistern  and  two  wells 46 

Cassia,  examination  of 827 

Cayenne,  examination  of 327 

Cerebro-spinal  meningitis,  mortality  from  (tables)         ....      376,  378,  400,  404 

Prevalence  of,  in  Massachusetts xv 

Cheese,  examination  of '  .        .        .        .  318 

Published  results  of  analyses  of 318 

Chelsea,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

Cheshire,  water  supply  of,  examination  of 114-161 

Chester,  water  supply  of,  examination  of 114-160 

Chicopee,  advice  of  Board  relative  to  ice  supply 64 

Health  of 414 

Water  supply  of,  examination  of 114-161 
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Cholera  Id  fan  turn,  mortality  from  (tables) 400,  404 

Prevalence  of,  in  Massaohnsetts xiv 

Cholera  morbos,  diarrhcea  and,  mortality  from  (tables) 400,  404 

Cider  vinegar,  examination  of 330 

Cities  and  towns,  advised  in  reference  to  water  supply  and  sewerage    ...  3 

Bacteriological  work  in 407 

Consumption  of  water  in 186 

Death-rates  of 396 

From  which  diphtheria  cultures  were  received  for  examination                      .  369 

From  which  specimens  of  sputum  were  received  for  examination  .        .        .  364 

From  which  no  infectious  disease  reports  were  received          ....  388 

Notified  on  account  of  adulterated  milk  in  1904 300 

Notified  on  account  of  adulterated  articles  of  food  other  than  milk       .  300 

Notified  on  account  of  adulterated  drugs 301 

Number  of,  having  public  water  supplies 186 

Population  of,  estimated,  for  1904 394 

Returns  of  deaths  from 389 

To  which  diphtheria  antitoxin  was  distributed 361 

Visits  made  to,  by  the  medical  inspector  of  the  Board  for  the  purpose  of  in- 
vestigating cases  suspected  of  being  smallpox 425 

Clark,  Alden  (Waltham) ,  advice  of  Board  relative  to  the  water  of  a  spring       .  66 

Clark,  H.  W.,  chemist,  report  upon  the  purification  of  sewage  and  water    .  197 

Clinton  and  Lancaster,  water  supply  of,  data  relating  to  (table)    ....  114 

Cloves,  examination  of 327 

Cocoa,  examination  of 318^ 

Published  results  of  analyses  of 31& 

Coffee,  examination  of 319 

Cohasset,  water  supply  of,  examination  of 114-176 

Colrain,  water  supply  of,  advice  of  Board 10 

Data  relating  to  (table) 114 

Concord  and  Lincoln,  water  supply  of,  examination  of 114-160 

Condensed  milk,  examination  of 316 

Confectionery,  examination  of .  321 

Consumption,  examination  of  sputum  and  other  material  suspected  of  containing 

the  bacilli  of  tuberculosis 364 

Mortality  from  (tables) 376,  378,  400, 404 

Prevalence  of,  in  Massachusetts xiii 

Consumption  of  water  in  various  cities  and  towns,  statistics  relating  to        .        .  186 
Copper,  salts  of,  exi>eriments  upon  the  application  of,  to  ponds  and  reservoirs  to 

destroy  growths  of  organisms xvi 

Cottage  City,  water  supply  of,  examination  of 114-176 

Cowles,  Dr.  William  N.  (Ayer) ,  advice  of  Board  relative  to  the  action  upon  lead 

pipes  of  the  water  of  certain  wells  in  town  of  Harvard  ....  22 

Cream,  examination  of 318 

Evaporated ,aexamination  of 316 

Cream  of  tartar,  examination  of 321 

Cultures,   diphtheria,  examined  during  the  six  months  ended  September  30, 

1904  .                 .        .        .        .        . 369 

Cummings,  W.  W.  (Wobum)  advice  of  Board  relative  to  the  water  of  certain 

springs 62 

Cutlery  and  tool  industry,  investigation  of xxv 

Dalton,  water  supply  of,  advice  of  Board 11 

Examination  of         .        • 114-160 

Dan  vers  and  Middleton,  water  supply  of,  examination  of 114-161 

Dartmouth  (Bay  View) ,  water  supply  of,  advice  of  Board 12 
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Death-rates,  from  certain  infeotions  diseases,  in  Massachusetts,  1866-19M    .  xy 

From  diphtheria,  in  Massachusetts,  1861'19M 300 

Of  cities  and  large  towns .        .        .        .        , «396 

Of  certain  cities  haying  a  population  of  more  than  26,000       ....  392 
Deaths,  returns  of.  from  cities  and  towns  having  a  population  of  more  than 

5,000 389 

By  sexes  and  age  periods 390 

From  specified  causes 383 

Weekly  mortality  returns 876 

Total  reported  mortality,  1904 376,378 

Under  five  years  of  age 376,  378 

Dedham,  water  supply  of,  examination  of 114-176 

Deerfield,  water  supply  of,  examination  of 114-161 

Deerf oot  Farm  Company  (Southhorough) ,  advice  of  Board  relative  to  disposal 

of  the  wastes  of  the  works  of 96 

Diarrhoea  and  cholera  morbus,  mortality  from  (tables) , 400,  404 

Diarrhoeal  diseases,  mortality  from  (table) 376,  378 

Diphtheria,  prevalence  of,  in  Massachusetts xiv 

Diphtheria  and  croup,  death-rates  from,  1861-1904 360 

Fatality  from 379 

Mortality  from  (tobies) 376,  378, 400, 404 

Reported  cases  of 379, 381 

Diphtheria  antitoxin,  report  upon  the  production,  distribution  and  use  of    .        •  349 

Number  of  bottles  distributed  from  April  1,  to  Sept.  SO,  1904  ....  361 

Summary  observations  upon  the  use  of 352 

Use  of,  in  hospitols  and  private  practice .354,  356 

Summary  of  the  nine  years  and  six  months  ended  Sept.  30, 1904      •        .        .  855 

Sequelae 366 

Operations 366 

Immunization .  387 

Oeneral  summary ,357 

Diphtheria  cultures  examined  during  the  six  months  ended  Sept*  30, 1904  •  869 
Persistence  of  bacilli  in  the  throats  of  patients  convalescent  from  diph- 
theria         962 

Relation  of  bacteriological  diagnosis  to  the  day  of  toking  the  culturo     .        •  362 

Relation  of  clinical  to  bacteriological  diagnosis 362 

Summary  of  the  eight  years  and  six  months  ended  Sept.  30, 1904    ...  368 

Dracut,  water  supply  of,  examination  of •        •        •  114-176 

Drugs:  (see  Food  and  Drug  Inspection.) 

Adulterated,  cities  and  towns  notified  on  account  of 301 

Examination  of 334 

Number  of  samples  examined 302,  337, 339  * 

Dysentery,  mortolity  from  (tobies) 400, 404 

Prevalence  of,  in  Massachusetto xiv 

East  Bridgewater,  water  supply  of  (see  Bridgewater,  pp.  114-176) . 
Easthampton,  rules  and  regulations  for  protection  of  the  waters  of  Bassett  Brook 

and  its  tributories 12 

Water  supply  of,  examination  of 114-160 

Easton,  water  supply  of,  advice  of  Board 13 

Examination  of 114-176 

Eel  River  (Plymouth) ,  advice  of  the  Board  relative  to  pollution  of  water  of       .  102 
Employees  in  factories  and  other  establishments,  health  or  safety  of,  resolve  re- 
lating to  •        .        .        .  xxii 

Erving,  water  supply  of  (see  Montogue,  pp.  116-160) . 
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ErysipelM,  mortalitsr  from  (tables) 876,  378,  400, 404 

Everett,  adyioe  of  Board  relatiye  to  certain  soarces  of  ice  supply         ...  64 

Water  supply  jof  (see  Metropolitan  Water  District,  pp.  113-161) . 

Examination  of  riyers zx,  179 

Of  sewer  ontlets  and  effect  of  sewage  di  posal xix,  179 

Of  water  supplies xv.  Ill 

Examinations  of  shellfish,  work  of  Board  relating  to xix 

Expenditures  .   ^ xxxiv 

Food  and  drag 306 

Experiments  npon  the  purification  of  sewage  and  water  at  the  Lawrence  Experi- 
ment Station XX,  197 

Upon  the  application  of  salts  of  copper  to  ponds  and  reseryoirs  to  destroy 

growths  of  organisms xyi 

Factories,' resolye  to  provide  for  an  investigation  as  to  sanitary  or  other  condi- 
tions in     xxii 

Fairhaven,  advice  of  Board  relative  to  sewage  disposal 72 

Water  supply  of,  examination  of      ....        ^        ...        .  114-176 

Fall  Biver,  advice  of  Board  relative  to  sewage  disposal 74 

Health  of 414 

Water  supply  of,  examination  of ^        .        .        .  115-160 

Falmouth,  advice  of  Board  relative  to  ice  supply 66 

Sewage  disposal  of,  advice  of  Board 74 

Water  supply  of,  examination  of 115-160 

Filters: 

Nitrogen  in  sand  of 201 

Permanency  of 201 

Total  organic  matter  in 225 

Acidity  or  alkalinity  of  effluents  of 227 

Number  of  B.  coli  in  sewage  and  effluents  from 234 

Loss  of  inorganic  nitrogen  in 246 

Intermittent  sand,  Nos.  1  to  10,  inclusive,  operation  of 266 

Noe.  100  and  242 261 

Contact,  Nos.  106, 176, 176,  221,  237  and  251,  operation  of         ...        .  262 
Intermittent-continuous,  Noe.  136, 136, 189,  233,  234,  236,  236,  247,  248  and  222, 

operation  of 266 

Double  filtration,  Nos.  224,  249,  260  and  262 272 

Miscellaneous  filters,  operation  of    . 274 

No.  232,  for  purification  of  wool  waste,  operation  of 276 

Water  filters,  operation  of  (see  Water,  Filtration  of,  p.  278) . 

No.  8A 282 

No.  216 286 

No.  243 290 

Nos.  218,  219  and  220 291 

Noe.  246  and  246 2m 

Lawrence  city  filter  (water) xviii,  278 

Filtration  of  water 278 

Fines,  amount  of,  under  the  provisions  of  the  food  and  drug  acts  ....  302 

Fitchburg,  health  of 416 

Water  supply  of,  examination  of 115-160 

Flavoring  extracts,  examination  of 822 

Flow  of  streams 189 

Food  (other  than  milk) ,  adulterated,  cities  and  towns  notified  on  account  of       .  300 

Number  of  samples  examined 302,  333,  339 

Prosecutions  on  account  of 303 
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Food  and  drug  inspection        % 299 

Provisions  of  statutes  relating  to 299 

Cities  and  towns  to  which  notices  were  sent  on  aoooont  of  adulterated  milk, 

1904 aoo 

On  account  of  adulterated  articles  of  food  other  than  milk  ....  900 

On  account  of  adulterated  drugs 901 

Kumher  of  samples  examined 902,  999 

Prosecutions ,        .        •  909 

Drugs 905 

Milk  and  milk  products 90i 

Other  articles  of  food •        ,        .        .        .  906 

Fines,  amount  of 902 

Expenditures 906 

Beport  of  the  analyst 909 

Milk 910 

Summary  of  milk  statistics ^        .        •  912 

Quality  of,  by  months 919 

Preservatiyes  in 919 

Detection  of  added  water 914 

Of  known  purity 915 

Condensed  milk 916 

Cream 918 

Evaporated 916 

Butter 918 

Cheese 918 

Published  results  of  analyses  of 918 

Cocoa 918 

Published  results  of  analyses  of 919 

Coflfee 919 

Confectionery 921 

Cream  of  tartar 921 

Flavoring  extracts 922 

Almond  extract 322 

Banana  extract      v 92ft 

Jamaica  ginger  extract 924 

Lemon  extract 924 

Published  results  of  analyses  of  lemon  extract 924 

Orange  extract 324 

Peppermint  extract 825 

Vanilla  extract 325 

Honey 325 

Published  results  of  analyses  of 925 

Lard 325 

Maple  sugar  and  syrup 325 

Published  results  of  analyses  of 926 

Molasses 927 

Spices 927 

Published  results  of  analyses  of 929 

Tea 929 

Vinegar 990 

Cider  vinegar         ..*...» 990 

Canned  goods 991 

Published  results  of  analyses  of 331 

Miscellaneous  articles  of  food 991 

Jams*and  |elliee 932 

Published  results  of  analyses  of 992 
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Food  and  dmg  inspection  —  Concluded, 

Summary  of  food  BtatiBtioa 333 

DrngB 334 

Misoellaneoofl  drags 837 

Summary  of  drug  statistics ' .        .        .  887 

Summary  of  food  and  drag  statistics  for  the  year  ended  Sept.  30, 1904   .  389 

Inspection  of  liquors xxii,  889 

A  method  for  the  detection  and  determination  of  methyl  alcohol  in  alcoholic 

solutions 342 

Work  of  Board  relating  to xxi 

Fozborough,  water  supply  of,  examination  of 115-176 

Framingham,  water  supply  of,  examination  of       .        .        .  115-176 

Franklin,  water  supply  of,  examination  of 116-176 

Gardner,  water  supply  of ,  examination  of *.  115-161 

General  report  of  the  Board yii 

Gilbertville  (Hard wick) ,  water  supply  of,  adyice  of  Board  with  reference  to  its 

action  upon  leiad  pipes 22 

Gill,  water  supply  of,  data  relating  to  (tahle) 115 

Ginger,  examination  of 328 

Glanders,  mortality  from 408 

Preyalence  of,  in  Massachusetts xy 

Reported  oases  of 887 

Gloucester,  water  supply  of,  examination  of 115-161 

(Russia  Cement  Company) ,  adyice  of  Board 'relatiye  to  water  from  certain 

wells         .        .      ' 14 

(Young  Men's  Christian  Association) ,  adyice  of  Board  relatiye  to  the  water 

of  a  well 14 

Grafton,  water  supply  of,  examination  of 116-176 

(Colony  of  the  Worcester  Insane  Asylum) ,  adyice  of  Board  relatiye  to  sew- 
age disposal 76 

Great  Barrington,  adyice  of  Board  relatiye  to  sewage  disposal       ....  76 

Water  supply  of,  adyice  of  Board 14, 15, 17 

Examination  of 115-161 

Greenfield,  rules  and  regulations  for  the  protection  of  the  waters  of  Glen  Brook 

reseryoir  and  its  tributaries 21 

Water  supply  of,  adyice  of  Board 19 

Examination  of 115-161 

Groton,  water  supply  of,  examination  of 115-176 

Hadley,  water  supply  of,  adyice  of  Board 21 

Harbor  and  land  commissioners  (Massachusetts) ,  adyice  of  Board  relatiye  to  a 

proposed  sewer  outlef  at  Hayerhill 79 

Hardwiok,  water  supply  of,  data  relating  to  (table) 115 

(Gilbertyille) ,  water  supply  of,  adyice  of  Board  with  reference  to  its  action 

upon  lead  pipes 22 

(Wheelwright) ,  adyice  of  the  Board  relatiye  to  the  use  of  Ware  Biyer  as  a 

source  of  ice  supply 66 

Haryard  (Dr.  William  N.  Cowles,  Ayer),  adyice  of  Board  relatiye  to  the  action 

upon  lead  pipes  of  the  water  of  certain  wells  in 22 

Hatfield,  water  supply  of,  examination  of 116-161 

Hayerhill,  adyice  of  Board  relatiye  to  sewage  disposal 77 

Health  of 416 

Water  supply  of,  adyice  of  Board 23 

Examination  of 116-161 

(EEarbor  and  land  commissioners),  adyice  of  Board  relatiye  to  a  proposed 

sewer  outlet  at 79 
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Health  of  the  State,  in  1904 viii 

Health  of  towns 407 

Health  or  safety  of  employees  in  faotories  and  other  estahlishments,  resolve  rela- 
tive to xxii 

Heart,  diseases  of,  mortality  from  (tables) 400,  404 

Hingham  and  Hall,  water  snpply  of,  examination  of 115-176 

Hinsdale,  water  supply  of,  examination  of 115-160 

Holbrook,  water  snpply  of  (see  Randolph,  pp.  117-161) . 

Holbrook,  Randolph  and,  rules  and  regpilations  for  the  protection  of  the  waters 

of  Great  Pond  and  its  tributaries 44 

Holland,  advice  of  Board  with  reference  to  the  water  of  a  spring          ...  24 

Holliston,  water  supply  of,  examination  of     .        .        .    ' 115-176 

Holyoke,  advice  of  Board  relative  to  certain  sources  of  ice  supply         ...  67 

Health  of 416 

Sewage  disposal  of,  advice  of  Board 80 

Water  supply  of,  advice  of  Board 24 

Examination  of 115-161 

(Holyoke  Valve  and  Hydrant  Company) ,  advice  of  Board  with  reference  to 

the  water  of  a  well 25 

(Whitmore  Manufacturing  Company) ,  advice  of  Board  with  reference  to  the 

water  of  a  well 25 

Holyoke  Valve  and  Hydrant  Company  (Holyoke) ,  advice  of  Board  with  refer- 
ence to  the  water  of  a  well 25 

Homicide,  mortality  from 403 

Honey,  examination  of 325 

Hopedale,  water  supply  of  (see  Milford,  pp.  116-161). 

Hopkiuton,  water  supply  of,  examination  of 115-176 

Houghton  School  (Milton) ,  advice  of  Board  relative  to  the  water  of  a  well  S9 

Howe,  E.  6.  (Millbury) ,  advice  of  Board  relative  to  the  water  of  a  spring  .        .  38 

Hubbardston,  advice  of  Board  relative  to  sewage  disposal 81 

Hudson,  water  supply  of,  examination  of 115-160 

Hull,  water  supply  of  (see  Hingham,  pp.  115-176). 

Advice  of  Board 26 

Huntington,  water  supply  of,  examination  of 115-160 

Hyde  Park,  water  supply  of,  examination  of 115-176 

Ice  supply,  action  of  the  Board  in  reply  to  applications  for  advice  concern- 
ing      64 

List  of  cities  and  towns  to  which  official  communications  were  sent  during 

the  year  1904,  concerning 4 

Immunization  by  use  of  diphtheria  antitoxin 357 

Infant  mortality  in-  Massachusetts x 

Infectious  diseases,  fatality  from. 379 

Infant  mortality        ...» x 

Mortality  from,  1903  and  1904 iz 

Prevalence  of,  in  Massachusetts ix 

Smallpox X 

Consumption xiii 

Typhoid  fever xiii 

Diphtheria xiv 

Measles,  scarlet  fever,  dysentery,  cholera  infantum  and  whooping-cough  xiv 

Cerebro-spinal  meningitis  and  glanders xv 

Reported  cases  of      .        . 379, 381 

Influenza,  mortality  from  (tables) 400,  404 

Inspection  of  food  and  drugs  (see  Food  and  Drug  Inspection) . 

Inspection  of  liquors > . xxii,  339 
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Investigation  of  the  sanitary  conditions  of  factories,  workshops  and  other  places 

of  employment  in  the  Commonwealth zxii 

Boot  and  shoe  industry zzvi 

Cutlery  and  tool  industry zzy 

Lead  industry zzviii 

Paper  industry zzvii 

Buhber  industry zxviii 

Stone-cutting  and  stone-polishing  industry zzvi 

Teztlle  industry zzviii 

Tobacco  industry zzvi 

Other  industries zziz 

Ezisting  legislation zziz 

Recommendations  of  the  Board zzzi 

Ipswich,  water  supply  of,  advice  of  Board 27 

Ezamination  of 116-161 

Jamaica  ginger  eztract,  ezamination  of 324 

Jamaica  Park  (Boston) ,  advice  of  Board  to  the  commissioners  of  the  department 

of  parks  relative  to  water  supplied  from  a  spring  and  city  mains  .  10 

Jams  and  jellies,  ezamination  of 332 

Published  results  of  analyses  of        ........        •  332 

Kidneys,  diseases  of,  mortality  from  (tables) 400,  404 

Kingston,  water  supply  of,  ezamination  of 115-176 

Lancaster,  water  supply  of  (see  Clinton,  p.  114) . 

Lard,  ezamination  of 325 

Lawrence,  advice  of  Board  with  reference  to  the  water  of  a  well  at  city  hall        •  32 
Ezperiments  upon  the  purification  of  sewage  and  water  at  the  Lawrence  £z- 

periment  Station •        •        .        .  zz,  197 

Water  supply  of,  advice  of  Board 28,  29,  SO 

Ezamination  of 115-161 

City  filter zviii,  278 

(Briggs  and  Allyn  Manufacturing  Company) ,  advice  of  Board  with  reference 

to  the  water  of  a  well 32 

Lawrence  Ezperiment  Station,  ezperiments  upon  the  purification  of  sewage  and 

water  at zz,  197 

Leach,  Albert  E.,  analyst,  report  upon  the  analysis  of  food  and  drugs .        .        .  309 
Leach,  Albert  £.,  and  Hermann  C.  Lythgoe,  a  method  for  the  detection  and  de- 
termination of  methyl  alcohol  in  alcoholic  solutions     ....  342 

Lead  industry,  investigation  of zzviii 

Lead  pipes,  advice  of  Board  relative  to  the  action  of  the  water  supply  of  Hard- 
wick  (Gilbertville)  upon 22 

Advice  of  Board  relative  to  the  action  of  the  water  of  certain  wells  in  Har- 
vard upon •        .  22 

Lee,  water  supply  of,  ezamination  of 115-160 

Leicester,  advice  of  Board  relative  to  the  pollution  of  the  water  supply  of 

Worcester 101 

Water  supply  of,  ezamination  of 115-176 

Lemon  eztract,  ezamination  of 324 

Published  results  of  analyses  of 324 

Lenoz,  advice  of  Board  relative  to  sewage  disposal 82,  83 

Water  supply  of,  advice  of  Board 33 

Ezamination  of 115-161 

(New  York,  New  Haven,  and  Hartford  Railroad  Company),  advice  of  Board 

relative  to  the  water  of  a  spring 34 
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Leominster,  advioe  of  Board  relative  to  sewage  disposal 84 

Health  of 417 

Water  supply  of,  examination  of 116-100 

Leopold  Morse  Home  (Milton) ,  advioe  of  Board  relative  to  the  water  of  a  well  .  89 

Leprosy,  reported  cases  of 387 

Lexington,  water  supply  of  (see  Metropolitan  Water  District,  pp.  11^161) . 
Lincoln,  water  supply  of  (see  Concord,  pp.  114-160) . 

Liquors,  inspection  of xxii,  339 

Littleton,  advice  of  Board  relative  to  ice  supply 68 

Longmeadow,  water  supply  of,  advice  of  Board 34 

Examination  of 116-161 

Lowell,  health  of 417 

Water  supply  of,  examination  of 116-176 

Ludlow,  water  supply  of  (see  Springfield,  pp.  118-160). 

Lynn,  health  of ^ 417 

Lynn  and  Saugus,  water  supply  of,  examination  of 116-161 

Lythgoe,  Hermann  C,  Albert  B.  Leach  and,  a  method  for  the  detection  and  de- 
termination of  methyl  alcohol  in  alcoholic  solutions      ....  342 

Mace,  examination  of 328 

Malaria,  report  upon  the  work  of  the  Board  relating  to         .....  370 

Malarial  fever,  mortality  from  (tables) 376,  378,  400,  404 

Maiden,  health  of 418 

Water  supply  of  (see  Metropolitin  Water  District,  pp.  113-161) . 

Malignant  pustule,  mortality  from 403 

Manchester,  advice  of  Board  relative  to  sewage  disposal 85 

Water  supply  of,  examination  of 116-176 

Mansfield,  water  supply  of,  examination  of 116-176 

Maple  sugar  and  syrup,  examination  of 325 

Published  -resuHs  of  ^analyses  of        .       • 326 

Marblehead,  advice  of  Board  relative  to  sewage  disposal 86 

Water  supply  of,  examination  of 116-176 

Marlborough,  water  supply  of,  examination  of 118-161 

Marshfield,  water  supply  of,  examination  of 116-176 

Massachusetts- harbor  and  land  commissioners,  advice  of  Board  relative  to  a  pro- 
posed sewer  outlet  at  Haverhill 79 

Maynard,  water  supply  of,  advice  of  Board 'M 

Examination  of 116-160 

Measles,  fatality  from 379 

Mortality  from  (tables) 376,  378,  400,  404 

Prevalence  of,  in  Massachusetts xiv 

Reported  cases  of 379,  381 

Medfield,  water  supply  of,  examination  of 116-176 

Medford,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 
Melrose,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

Merrimac,  water  supply  of,  advice  of  Board 37 

Dato  relating  to  (table) 116 

Merrimack  River,  examination  of 182 

B.  coli  results  in  filtered  water  of 287 

Canal  water 283 

Intake  of  Lawrence  city  filter 278 

Meteorology 378 

Methuen.  water  supply  of,  examination  of 116-176 

Metropolitan  Water  District,  water  supply  of,  examination  of       .        .        .  113-161 

Middleborough,  water  supply  of,  examination  of 116-176 

Middleton,  water  supply  of  (see  Danvers,  pp.  114-161) . 
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Milford  and  Hopedale,  water  sapply  of,  examination  of 116-161 

Milk,  adulterated,  cities  and  towns  notified  on  account  of 300 

Condensed 316 

Detection  of  added  water 314 

Number  of  samples  examined 302,  312,  339 

Ratio  of  adulteration 310 

Milk  and  milk  products,  prosecutions  on  account  of 304 

Milk  statistics,  summary  of 312 

Millbury,  water  supply  of,  examination  of 118-176 

(E.  G.  Howe) ,  advice  of  Board  relative  to  water  of  a  spring  ....  33 

Mi  His,  water  supply  of,  examination  of 116-176 

Millville,  examination  of  Blackstone  Biver  at 181 

Milton,  advice  of  Board  relative  to  ice  supply 69 

Water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

(Houghton  School) ,  advice  of  Board  relative  to  the  water  of  a  well  39 

(Leopold  Morse  Home) ,  advice  of  Board  relative  to  the  water  of  a  well         .  39 

Miscellaneous  drugs,  examination  of 337 

Miscellaneous  foods,  examination  of 331 

Molasses,  examination  of 327 

Monson,  water  supply  of,  examination  of 116-176 

Montague  and  Erving,  water  supply  of,  examination  of 116-160 

Moore,  F.  T.  (Peabody) ,  advice  of  Board  relative  to  the  water  of  a  well      .  43 

Mortality,  infant,  in  Massachusetts x 

Mortality  reports: 

Statistical  summaries 373 

Weekly  mortality  returns 376 

Meteorology 378 

Fatality  of  certain  diseases 379 

OflScial  returns  of  notified  diseases  dangerous  to  the  public  health,  1904         .  381 

Summary  for  eleven  years  and  four  months,  1893-1904 381 

Infectious  diseases,  by  months 382 

Seasonal  intensity  of  prevalence  of  certain  infections  diseases     .        .        .  383 
Cases  of  infectious  diseases  reported  to  the  Board  from  269  cities  and  towns, 

1904 383 

List  of  cities  and  towns  from  which  no  reports  were  received       .        .  388 

Official  returns  of  deaths  in  cities  and  large  towns 389 

Causes  of  death 393 

Mustard,  examination  of 328 

Nahant,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161). 
Nantucket,  advice  of  Board  relative  to  the  waters  of  certain  ponds,  and  the  use 

of  the  ponds  as  sources  of  ice  supply 69 

Water  supply  of,  examination  of 116-176 

Natick,  water  supply  of,  examination  of 116-176 

Needham,  water  supply  of,  examination  of 116-1*76 

Neponset  Biver,  advice  of  Board  to  Neponset  Woolen  Mills  (Canton)  relative  to 

I>o11ution  of  water  of 1(X) 

Neponset  Woolen  Mills  (Canton) ,  advice  of  Board  relative  to  the  pollution  of 

Neponset  Biver 100 

New  Bedford,  advice  of  Board  relative  to  the  taking  of  shellfish  from  the  bed  of 

the  Acushnet  Biver         .        .      • 101 

Health  of 418 

Water  supply  of,  examination  of     • 116-161 

Newbnryport,  water  supply  of,  examination  of 117-176 

Newton,  health  of 418 

Water  supply  of,  examination' of    •.        .      • 117-176 
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New  York,  New  Haven,  and  Hartford  Railroad  CompaDy  (Lenox),  advioe  of 

Board  relative  to  the  water  of  a  spring 9i 

Nitrogen,  total  organic,  in  sewage 230 

North  Adams,  health  of 419 

Water  supply  of,  examination  of 117-161 

Northampton,  advice  of  Board  relative  to  sewage  disposal 87 

Health  of 419 

Water  supply  of,  examination  of 117-161 

Bales  and  regulations  for  protection  of  sources  of 39 

North  Andover,  water  supply  of,  examination  of 117-169 

North  Attleborough,  water  supply  of,  advioe  of  Board 39,  40 

Examination  of 117-176 

Northborough,  water  supply  of,  examination  of 117-161 

(Almshouse) ,  advice  of  Board  relative  to  the  water  of  a  well         ...  42 

Northbridge,  water  supply  of,  examination  of 117-160 

North  Brookfleld,  water  supply  of,  examination  of 117-160 

Northfleld,  water  supply  of,  examination  of 117-160 

Norwood,  advice  of  Board  relative  to  sewage  disposal 89 

Water  supply  of,  examination  of 117-160 

(Winslow  Bros,  and  Smith  Company),  advice  of  Board  relative  to  sewage 

disposal 90,92 

Nutmeg,  examination  of 329 

Orange,  water  supply  of,  data  relating  to  (table) 117 

Orange  extract,  examination  of 324 

Palmer,  water  supply  of,  examination  of 117-160 

(Three  Rivers) ,  advice  of  Board  relative  to  ice  supply 70 

Paper  industry,  investigation  of xxvii 

Peabody,  advice  of  Board  relative  to  the  taking  of  certain  lands  bordering  upon 

Spring  Pond 42 

Water  supply  of,  examination  of 117-161 

(F.  T.  Moore) ,  advice  of  Board  relative  to  the  water  of  a  well       ...  43 

Pepper,  examination  of 329 

Pittsfield,  health  of 419 

Water  supply  of ,  examination  of 117-161 

(Board  of  Public  Works) ,  letter  of  Board  to,  relative  to  injury  to  certain 

lands  adjacent  to  the  sewage  disposal  area 93 

Plymouth,  ad  vice  of  Board  relative  to  pollution  of  the  water  of  Eel  River    .        .  102 

Water  supply,  of,  advice  of  Board 43 

Examination  of 117-160 

Rules  and  regulations  for  the  protection  of  sources  of 44 

Pneumonia,  mortality  from  (tables) 400,  404 

Pollution  of  ponds,  streams  and  other  bodies  of  water,  action  of  Board  relative  to  100 

Ponds,  streams  and  other  bodies  of  water,  pollution  of,  action  of  Board  relative  to  100 
List  of  cities  and  towns  to  which  official  communications  were  sent  during 

the  year  1904,  concerning 5 

Preventable  diseases,  prevalence  of,  in  Massachusetts xiv 

Prosecutions :^ 

Provincetown,  health  of 420 

Water  supply  of,  examination  of 117-176 

Puerperal  fever,  mortality  from  (tables) 376,  378,  400,  404 

Purification  of  septic  sewage 250 

Purification  of  sewage  and  water  at  the  Lawrence  Experiment  Station,  experi- 
ments upon XX,  197 

Purification  of  wool  liquor       •        •        • 276 
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Qainoy,  advice  of  Board  relative  to  ice  supply 70 

Advice  of  Board  relative  to  pollution  of  the  water  of  Furnace  Brook     .        .  103 

Health  of 420 

Water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

Rainfall,  normal,  in  Massachusetts 188 

In  inches,  collected  on  Sudbury  Biver  water-shed 191 

Randolph  and  Holbrook,  rules  and  regulations  for  the  protection  of  the  waters  of 

Great  Pond  and  its  tributaries 44 

Water  supply  of,  examination  of 117-161 

Reading,  water  supply  of,  examination  of 117-176 

Report  to  the  legislature  relative  to  prosecutions 303 

Revere,  water  supply  of  (see  Metropolitan  Water  District,  pp.  1J3-161) . 

Rivers,  examination  of    .        .        .        .  ' xx,  179 

Rockland,  advice  of  Board  relative  to  sewage  disposal 93 

Water  supply  of  (see  Abington,  pp.  113-160) . 

Rockport,  water  supply  of,  examination  of 117-161 

Routine  woik  of  the  Board xxxi 

Rubber  industry,  investigation  of xxvlii 

Rules  and  regulations  for  protection  of  waters  used  as  sources  of  public  water 

supply xvi 

Of  Basthampton 12 

Of  Holbrook  (see  Randolph)     .        .        .        , 44 

OfOreenfleld 21 

Of  Northampton 39 

Of  Plymouth 44 

Of  Randolph  and  Holbrook 44 

Of  Springfield 47 

Of  Wakefield 63 

Of  Worcester 62 

Russia  Cement  Comi»any  (Gloucester) ,  advice  of  Board  relative  to  the  water  of 

certain  wells 14 

Rutland,  water  supply  of,  examination  of 117-160 

(Industrial  Camp  for  Prisoners) ,  advice  of  Board  relative  to  sewage  disposal  94 

Salem,  advice  of  Board  relative  to  sewage  disposal 94,  95 

Health  of 420 

Salem  and  Beverly,  water  supply  of,  examination  of 117-161 

Sand  filters,  operation  of         ....        « 201 

Saugus,  water  supply  of  (see  Lynn,  pp.  116-161) . 

Scarlet  fever,  fatality  from 379 

In  Springfield,  outbreak  of 421 

Mortality  from  (tables) 376,  378,  400,  404 

Prevalence  of,  in  Massachusetts       .       -. xiv 

Reported  cases  of 379,  381 

Scituate,  water  supply  of,  examination  of       .        .        % 117-176 

Septic  tanks,  operation  of 250 

Sewage : 

Experiments  upon  the  purification  of  sewage  and  water  at  the  Lawrence  Ex- 
periment Station 197 

Analyses  of  sewage 19S 

Nitrogen  studies 201,217 

Work  accomplished  by  sand  filters  in  the  disposal  of  nitrogen         .                .  210 

Conversion  of  nitrogen  by  municipal  sewage  filtration  areas   ....  223 

Total  organic  matter  in  sand  filters  Nos.  1,  6  and  9 A 226 

Acidity  or  alkalinity  of  the  effluents  of  sewage  filters 227 
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Sewage  —  Concluded. 

Total  orgaoic  nitrogen  in  sewage 230 

Bacteriology  and  biochemistry  of  sewage  purification 231 

Loss  of  inorganic  nitrogen  in  filtration 245 

Determinations  of  turbidity  and  sediment 246 

Experiments  determining  the  time  taken  by  sewage  to  pass  throagh  filters   .  249 

Septic  tanks,  operation  of 250 

Sand  filters,  operation  of 255 

Purification  of  septic  sewage 261 

Contact  filters,  operation  of 262 

Intermittent-continuons  or  sprinkling  filters,  operation  of       ...        .  266 

Doable  filtration 272 

Miscellaneous  filters,  operation  of 274 

Purification  of  wool  liquor 276 

Sewage  disposal,  examination  of  sewer  outlets  and  effect  of         ....  xix,  179 

Sewer  outlets,  examination  of,  and  effect  of  sewage  disposal         ....  xix,  179 
Sewerage  and  sewage  disposal,  action  of  the  Board  in  reply  to  applications  for 

adyice  relative  to 71 

List  of  cities  and  towns  to  which  ofiicial  communications  were  sent  during 

the  year  1904,  concerning 4 

Sewerage,  water  supply  and,  work  of  the  Board  relating  to xv 

Sharon,  water  supply  of,  examination  of         .        . 117-176 

Sheffield,  water  supply  of,  examination  of 117-176 

Shelbume,  water  supply  of,  advice  of  Board  .        .        . 44 

Data  relating  to  (table) 117 

Shellfish,  adyice  of  Board  relative  to  the  taking  of,  from  the  bed  of  the  Acush- 

netBiver 101 

Examinations  of,  work  of  the  Board  relating  to xix 

Shirley,  water  supply  of,  examination  of 117-176 

Shrewsbury,  water  supply  of,  advice  of  Board 46 

Smallpox,  list  of  cities  and  towns  visited  by  the  medical  inspector  for  the  pur- 
pose of  investigating  cases  suspected  of  being 425 

Mortality  from  (tables) 400,  404 

Prevalence  of,  in  Massachusetts x 

Reported  cases  of 381 

Somerville,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

(M.  W.  Carr  and  Go.) ,  advice  of  Board  relative  to,  the  water  of  a  cistern  and 

certain  wells 46 

Southborough  (Deerfoot  Farm  Company) ,  advice  of  Board  relative  to  disposal  of 

the  wastes  of  the  works  of 96 

Southbridge,  health  of 421 

Water  supply  of,  examination  of      .        . 117-160 

South  Hadley,  advice  of  Board  relative  to  sewage  disposal 98 

Water  supply  of,  examination  of 118-161 

Spencer,  water  supply  of,  examination  of        .......        .  118-160 

Spices,  examination  of 327 

Published  results  of  analyses  of 329 

Spinal  cord,  diseases  of  brain  and,  mortality  from  (tables) 400,  404 

Springfield,  advice  of  Board  relative  to  the  water  of  certain  springs    ...  49 

Health  of 421 

Scarlet  fever  in,  outbreak  of 421 

Water  supply  of,  advice  of  Board 47, 48 

Rules  and  regulations  for  the  protection  of  the  waters  of  the  various  sources 

of 47 

Springfield  and  Ludlow,  water  supply  of,  examination  of 118-160 
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Statistioal  summaries  of  disease  and  mortality 373 

Weelcly  mortality  returns 375 

Meteorology 378 

Fatality  of  oertain  diseases 379 

Reported  cases  of  infectious  diseases  in  Massachusetts:  diphtheria  and 

croup,  scarlet  feyer,  typhoid  feyer  and  measles 379 

Reports  of  diseases  dangerous  to  the  puhlic  health,  from  cities  and  towns, 

under  the  proyisions  of  chapter  75  of  the  Reyised  Laws ....  381 

Cases  of  infectious  diseases  reported  to  the  Board  in  1904,  hy  months  .        .  382 

From  269  cities  and  towns 383 

List  of  cities  and  towns  from  which  no  reports  were  receiyed       .  388 
Returns  of  death  from  cities  and  towns  haying  a  population  of  more  than 

5,000 389 

Causes  of  death 393 

List  of  reporting  cities  and  towns,  with  estimated  population  for  1904         .  394 

Total  deaths,  deaths  hy  sexes  and  age  periods  and  still-births  (table)  .  396 

Deaths  from  specified  causes  (table) 400 

Causes  of  death,  death-rates  and  percentages  of  total  mortality  (table)  404 

Statistical  table  for  the  year  ended  Sept.  30, 1904 xxxi 

Stetson  Home  (Barre) ,  water  supply  of,  adyice  of  Board 8 

Stockbridge,  water  supply  of,  adyice  of  Board 60 

Examination  of 118-161 

Stone-cutting  and  stone-polishing  industry xxyi 

Stoneham,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161). 

Stoughton,  water  supply  of,  data  relating  to  (table) 118 

Streams,  action  of  Board  relatiye  to  pollution  of  ponds,  streams  and  other  bodies 

of  water 100 

Flow  of 189 

Sudbury  Riyer,  rainfall,  in  inches,  collected  on  water-shed  of      ...        .  191 

Yield  of,  in  gallons,  per  day ...  192 

Suicide,  mortality  from  (tables) 400,  404 

Summary  obseryations  upon  the  use  of  diphtheria  antitoxin  during  the  six 

months  ended  Sept.  30, 1904 362 

Summary  of  drug  statistics 337 

Of  food  and  drug  statistics 339 

Of  food  statistics,  exclusiye  of  milk 333 

Of  liquor  statistics 339 

Of  milk  statistics 312 

Of  water  supply  statistics 186 

Sunderland,  water  supply  of,  data  relating  to  (table) 118 

Swampscott,  adyice  of  Board  relatiye  to  the  condition  of  a  beach  and  coyes  along 

the  north  shore 103 

Water  supply  oC  (see  Metropolitan  Water  District,  pp.  113-161). 

Taunton,  water  supply  of,  examination  of *.  118-160 

Tea,  examination  of 329 

Tetanus,  mortality  from 403 

Textile  industry,  inyestigation  of xxyiii 

Three  Riyers  (Palmer) ,  adyice  of  Board  relatiye  to  ice  supply     ....  70 

Tisbury,  water  supply  of,  examination  of 118-176 

Tobacco  industry,  inyestigation  of xxyi 

Tool  industry,  cutlery  and,  inyestigation  of xxy 

Towns  (see  Cities  and  Towns) . 

Towns,  health  of  (see  Health  of  Towns,  p.  407) . 

Trichinosis,  mortality  from 403 
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Tuberouloflis,  examination  of  sputam  and  other  material  Baspected  of  containing 

the  bacilli  of 364 

Summary  of  the  nine  years  and  six  months  ended  Sept.  90, 1904     .        .  367 

Typhoid  fever,  fatality  from 379 

Mortality  from  (tables) 376»  378,  400,  404 

Prevalence  of,  in  Massachusetts xiii 

Reported  cases  of 379,381 

Widal,  agglutinative  or  serum  tests  made  during  the  six  months  ended  Sept. 

30,  1904 368 

Uxbridge,  examination  of  Blackstone  River  at 181 

Water  supply  of,  advice  of  Board 51,  62 

Examination  of      . 118-176 

Vanilla  extract,  examination  of 325 

Vinegar,  examination  of 330 

Wakefield,  advice  of  Board  relative  to  sewage  disposal 99 

Rules  and  regulations  for  the  protection  of  the  waters  of  Crystal  Lake  and 

its  tributaries 63 

Water  supply  of,  examination  of 118-161 

Walpole,  water  supply  of,  examination  of 118-176 

Waltham,  health  of 423 

Water  supply  of,  advice  of  Board 63 

Examination  of 118-176 

(Alden  Clark) ,  advice  of  Board  relative  to  the  water  of  a  spring   ...  56 

Ware,  water  supply  of,  examination  of 118-176 

Ware  River,  advice  of  Board  to  town  of  Hardwick  relative  to  pollution  of,  and 

its  use  as  a  source  of  ice  supply 66 

Wareham,  water  supply  of ,  examination  of 118-160 

Warren,  water  supply  of,  data  relating  to  (table) 118 

Water,  filtration  of 278 

Lawrence  city  filter 278 

Chemical  analyses  of  Merrimack  River  water 278 

Sand  filtration  with  addition  of  copper  sulphate 282 

Rapid  filtration  with  sulphate  of  alumina  as  a  coagulant         ....  286 

Percentage  of  bacteria  removed  by  coagulation  and  sedimentation         •  287 

Sulphate  of  alumina  as  a  germicide 288 

Growth  of  bacteria  in  filtered  water 289 

Filters,  operation  of 282 

No.  8A 282 

No.  216 286 

No.  243 290 

Nos.  218,  219  and  220 291 

Kos.  245  and  246 294 

Water  supplies,  examination  of xv.  111 

Cities  and  towns  having  public  water  supplies  (Table  No.  1)          ...  113 

Population  of 113 

Date  of  introduction  of  works 118 

Ownership  of  the  works 118 

Consumption  of  water  in 187 

Number  of,  introduodd  during  the  year xv 

Sources  of  supply 118 

Surface-water  supplies 119 

Averages  of  chemical  analyses  of  (Table  No.  2) 120 

Sources  of,  protected  by  rules  and  regulations  (Table  No.  3)        .        .        .  125 
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Water  supplies,  examination  of  —  Concluded, 
Snrf ace-water  supplies —  Concluded, 
Sources  of,  arranged  in  groups  according  to  population  on  their  water-sheds 

(Table  No.  4) 126 

Ammonia  in  surface  waters  (Tables  Nos.  5-8)       ......  129 

Free  ammonia  in  surface  waters  (Tables  Nos.  9-12) 139 

Odors  of  surface  waters  (Tables  Nos.  13-16) 144 

Color  of  surface  waters  (Tables  Nos.  17-20) 160 

Hardness  of  surface  waters  (Table  No.  21) 156 

Nitrates  in  surface  waters  (Table  No.  22) 167 

Residue  on  eyaporation  in  surface  waters  (Table  No.  2.3)     .  169 

Ground-water  supplies 162 

Averages  of  chemical  analyses,  1900-1904  (Table  No.  24)     .  163 

Classified  according  to  excess  of  chlorine  (Table  No.  25)      ...        .  166 

Nitrates  in  ground  waters  (Table  No.  26) 168 

Ammonia  in  ground  waters  (Tables  Noe.  27  and  28) 170 

Iron  in  ground  waters  (Table  No.  29) 178 

Hardness  of  ground  waters  (Table  No.  30) 174 

Besidue  on  evaporation  in  ground  waters  (Table  No.  31)      ....  176 

"Water  supply,  action  of  the  Board  in  regard  to  applications  for  advice  concerning  3-^ 
List  of  cities  and  towns  to  which  official  communications  were  sent  during 

the  year  1904,  concerning 3 

Rules  and  regulations  for  the  protection  of  public  water  supplies   .        .        .  xvi 

Water-supply  and  sewerage,  advice  of  Board  to  cities  and  towns,  concerning       .  3 

Work  of  the  Board  relating  to xv 

Water  supplies,  examination  of xv.  111 

Rules  and  regulations  for  the  protection  of  public  water  supplies  .  xvi 
Experiments  upon  the  application  of  salts  of  copper  to  ponds  and  reservoirs, 

to  destroy  growths  of  organisms xvi 

Lawrence  city  filter xvili,278 

Examination  of  sewer  outlets  and  the  effect  of  sewage  disposal     .  .    xix,  179 


197 
186 
189 
188 
423 
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Examination  of  rivers xx,  179 

Neponset  River,  pollution  of . 

Investigations  upon  the  purification  of  sewage  and  water  at  the  Lawrence 

Experiment  Station  

Water  supply  statistics,  summary  of 

Flow  of  streams 

Rainfall 

Watertowji,  health  of 

Water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 
Watson-Newell  Company  (Attleborough) ,  advice  of  Board  relative  to  the  water 

.of  certain  wells 

Wayland,  water  supply  of,  examination  of 118-161 

Webster,  water  supply  of,  examination  of 118-176 

Weekly  mortality  returns 376 

Wellesley,  advice  of  Board  relative  to  the  pollution  of  Lake  Waban    .  104 

Water  supply  of  ^  examination  of 118-176 

(Wellesley  College) ,  water  supply  of,  advice  of  Board 57 

Westborough,  water  supply  of,  examination  of 118-176 

West  Brookfield,  water  supply  of,  data  relating  to  (table) 118 

Westfield,  water  supply  of,  examination  of 118-160 

Westford,  water  supply  of,  advice  of  Board    .        .     ' 68 

Westport,  advice  of  Board  relative  to  the  use  of  a  certain  pond  as  a  source  of  ice 

supply 71 

WestOD,  advice  of  Board  relative  to  the  use  of  certain  land  for  cemetery  purposes  59 

Water  supply  of,  examination  of 118-176 
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West  Springfield,  adyice  of  Board  relative  to  aewage  disposal       ....  99 

Water  supply  of,  adyice  of  Board 09 

Examination  of 118-176 

West  Stockbridge,  water  supply  of,  data  relating  to  (table) 118 

Weymouth,  water  supply  of,  examination  of 118-161 

Wheelwright  (Hardwick) ,  adyice  of  Board  relative  to  pollution  of  Ware  River 

and  its  use  as  a  source  of  ice  supply 66 

Whitman,  water  supply  of,  examination  of  (see  also  Brockton,  pp.  114-161). 
Whitmore  Manufacturing  Company  (Holyoke) ,  advice  of  Board  with  reference 

to  the  water  of  a  well 25 

Whooping-cough,  mortality  from  (tables) 376,  378,  400,  404 

Prevalence  of,  in  Massachusetts xiv 

Williamsburg,  water  supply  of,  data  relating  to  (table) 118 

Williamstown,  water  supply  of,  examination  of 118-176 

Winohendon,  water  supply  of,  examination  of 118-176 

Winchester,  advice  of  Board  relative  to  pollution  of  Russel  Brook       ...  105 

Water  supply  of,  examination  of 118-161 

Winslow  Bros,  and  Smith  Company  (Norwood) ,  advice  of  Board  relative  to  sew- 
age disposal '     .        .        .  90, 92 

Winthrop,  water  supply  of  (see  Metropolitan  Water  District,  pp.  113-161) . 

Wobum,  advice  of  Board  relative  to  pollution  of  Russel  Brook     ....  106 

Water  supply  of,  examination  of 119-176 

(W.  W.  Cummings),  advice  of  Board  relative  to  the  water  of  certain  springs  62 

Wool  liquor,  purification  of 276 

Worcester,  advice  of  Board  relative  to  the  pollution  of  the  water  of  Lake  Quin- 

sigamond 106 

Health  of 423 

Water  supply  of,  advice  of  Board  to  town  of  licioester  relative  to  pollution  of  101 

Examination  of 119-160 

Rules  and  regulations  for  protection  of  the  sources  of 62 

(Grafton  Colony  of  the  Worcester  Insane  Asylum),  advice  of  Board  relative 

to  sewage  disposal    .        .        , 75 

(Worcester  Insane  Hospital) ,  advice  of  Board  relative  to  sewage  disposal     .  107 
Worcester  Insane  Asylum,  Grafton  Colony  of,  advice  of  Board  relative  to  sewage 

disposal 75 

Worcester  Insane  Hospital  (Worcester),  advice  of  Board  relative  to  sewage  dis-  ' 

posal 107 

Wren tham,  water  supply  of,  advice  of  Board 62 

Yarmouth,  Barnstable  and,  water  supply  of,  advice  of  Board        ....  8 
Young  Men's  Christian  Association  (Gloucester) ,  advice  of  Board  relative  to  the 

water  of  a  well •  14 
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To  His  Excellency  John  L.  Bates,  Governor. 

Sir  :  —  The  number  of  persons  applying  for  registration  this 

year  is  403,  all  of  whom  have  been  examined  except  9.     The 

number   of  applicants   on   the  rejected   lists  who  have  been 

re-examined  is  92,  a  small  percentage  of  whom  have  secured 

registration.     The  whole  number  of  individual   examinations 

given  this  year  is  486.     The  results  are  given  in  tabulation  as 

follows  :  — 


Ezamloed. 


Registered. 


Rejected. 


Percentage 
rejected. 


March  examination,  . 
May  examination, 
Joly  examination, 
September  examination, 
November  examination. 
Totals, . 


67 

49 

18 

47 

29 

18 

214 

173 

41 

90 

67 

28 

68 

41 

27 

486 

869 

127 

27 
89 
19 
89 
40 


32.8 


The  foUoAving  tabulated  data  apply  only  to  results  in  first 
examination  of  applicants  :  — 


Name  of  Institiition. 


Number 
examined. 


Namber 
registered . 


Tear  of 
Graduation  of 

Rejected 
ikppiicante. 


Harvard  Qnivenity, 
Tnfta  College, 
Baltimore  Medical, 
Univeralty  of  Vermont, 


94 

94 

« 

86 

21 

16 

18 

15 

1896-99-04.04.04. 
19084)4.04.04.04. 
18984)44)4. 
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[Jan. 


NaMC  op  iMtTITUTIOM. 


Nnmber 
•ZAmloed. 


Nainb«r 
reglatered. 


YMrof 

Qnuination  of 

R«Jooted 

Appllcanu. 


BostOD  UnlTenlty, 

PhyBlolans  and  SurgeooB,  BoctoD, 
PbysloiaDs  and  Borgeons,  New  York, 

Foreign, 

Phyeloiaoe  and  Burgeons,  Baltimore, 

JefFeraon 

Woman's  Hedioal,  PennaylTanIa, 

Baltimore  UnlFeralty 

Maryland  Medloal  College, 

Kentucky  School  of  If  edidne 

Georgetown  UnlTcreUy 

Laval 

HcQlU 

DarUnontb 

Unlvereity  of  Maryland 

Albany  Medical, 

Tale, 

University  of  tbe  Boutb 

Bowdoin 

University  of  Pennsylvania,        .... 

Cornell, 

University  of  Michigan, 

Detroit  Medical,  .  

Hahnemann,  Pennsylvania 

New  York  University  and  Bellevue  Hospital,  . 

University  of  New  York 

Bellevue  Hospital  Medical  College,   . 

University  of  Louisville, 

Pulte  Medical, 

Bos  worth  Medical 

Ohio  University, 

Hahnemann,  Chicago 

Barnes  Medical, 

Medical  College  of  South  Carolina,    . 
Physicians  and  Surgeons,  St.  I^ouis,  . 

Vanderbilt, 

MUml  Medical, 

Laura  Memorial, 


16 
14 
18 
IS 
10 
9 
9 
8 
7 
6 
ft 
ft 
4 
8 
8 
8 
8 
8 
2 
3 
2 

a 

2 


1ft 
10 
12 
9 
9 
8 
9 
1 
2 
2 
ft 
2 
4 
8 
2 
1 
8 
1 
2 
2 
2 
2 
2 
1 
1 
1 


1 
I 
1 


1 
1 


1002.04.044M. 

1802. 

1878^.09. 

1008. 

1886. 


1807.10024)84)3- 

044)44»4. 
1008.044)4^4)4. 

1008444)4. 


1008-044)4. 


1004. 
180208. 

1908-04. 


1804. 


1902. 


1896. 

1806. 
1890. 
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Tabulation  showing  number  and  average  rating  of  graduates 
from  ttie  following  medical  schools  represented  by  not  less 
than  three  applicants  :  — 


NaXB  OV  iHSTITUnOK. 


Namber 
•zunlned. 


Rating. 


Harvard  UDlTerslty,      .... 

TuftaOoltog«, 

Baltimore  Medioal  College,  . 
UoWeralty  of  VermoDt, 
Boaton  UnWenity,        .... 
Physielana  and  Sargeone,  Boatoo, 
Physlelaoe  and  Bargeona,  New  York, 

Foreign, 

Physloians  and  Burgeons,  Baltimore, . 

Jefferson, 

Woman*B  Medical  College,  Pennsylvania, 
Baltimore  University,  .... 
Kentucky  School  of  Kedlclne,     . 
Georgetown  University, 

Laval 

KoOlll 

Dartmouth, 

University  Maryland,   .... 

Yal 

University  of  the  South, 
Albany  Medical  College, 


94 

41 

21 

18 

16 

14 

18 

12 

10 

9 

0 

8 

6 

6 

5 

4 

3 

3 

3 

3 

3 


70.6 
78.8 
67.7 
74.2 
76.2 
71.3 
69.1 
69.4 
74.0 
71.1 
74.4 
66.7 
64.4 
76.8 
67.6 
76.0 
77.9 
74.4 
79.4 
70.8 
60.6 


The  number  of  applicants  examined  in  November,  the  last 
examination  during  the  year,  was  68,  of  whom  41  passed  and 
27  failed.  The  number  of  undergraduates  in  the  class  was  23, 
of  whom  8  passed  and  15  failed.  The  institutions  represented, 
year  of  graduation  and  ratings  were  the  following :  — 
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COLLEGE. 


PJLBBBD. 


TMTOf 

Oraduaiion. 

Per  Cent. 

1880 

86.0 

1801 

80.6 

1004 

Undergradaatei. 

1000 

81.6.88.8-70.6. 

n.78.6.80.6 
70.8.70.5-84.1- 

78.6 
74.5 

1004 
1008 

75.578.70.6- 

74.1-72.2 
80.3 

UDd^rgraduatM. 

72.8.73.1 

1807 

74.5 

1001 

n.8 

1008 

74.6 

1004 

72.6 

1004 

80.6 

1008 

78.0 

1004 

80.3 

Uodergradaate. 

75.1 

1004 

70.5 

1004 

70.2 

1004 

78.8 

1004 

76.8 

1808 

84.3 

1008 

77.5 

1002 

70.2 

1008 

70.0 

1004 

72.5 

1008 

80.5 

1002 

78.8 

. 

70.5 

Harvard  UnlFenlty, 

Harvard  UDWeraity, 

Harvard  Unlvenity, 

Harvard  University, 

TufU  College, 

Tafte  College, 

Boston  University, 

Physicians  and  Burgeons,  Boston, 

McGill, 

MoGill 

MoGin 

Laval 

Jefferson, 

Woman's  Medical  College,  Pennsylvania, 
University  of  Vermont,        .... 
University  of  Vermont,        .... 
Maryland  Medical  College,  .... 

Baltimore  University, 

Physicians  and  Sargeons,  Baltimore, 
Georgetown  University,       .... 
Physicians  and  Surgeons,  Colombia  College, 
Physicians  and  Surgeons,  Columbia  College, 

University  of  the  South 

Kentucky  School  of  Medicine,    . 
Detroit  College  of  Medicine, 

University  of  Naples, 

University  of  Catania, 

Osteopathic  School, 
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OOLUSaB. 


Failed.  « 


YMrof 
Ondaation. 


Per  Cent. 


Harvard  Univeraity,     . 

Tuftfl  College 

Tafte  College 

Phyeiciana  and  Snrgeone,  Boston, 
Physloiane  and  Burgeons,  Boston , 


UnlTenlty  of  Vermont, 

Baltimore  University 

Baltimore  Medical  College, 

Baltimore  Medical  College, 

University  of  the  South, 

Kentncky  School  of  Medicine, 

New  York  Homceopathic  Medical  College, 

Barnes  Medical  College, 

Royal  College  Physicians  and  Surgeons,  Bdlnburgh, 
Osteopathic  School, 


Undergraduates. 

1890 
Undergraduates. 

1904 
Undergraduates. 

1904 

1897 

1904 
Undergraduate. 

1904 

1904 
Undergraduate. 

1898 

1878 


68.1.68.64.8 
ft7.6 
68.6347 
64.1 

68.6.68.8.68. 

42.8-18.3. 

61.6 
61 

66.1 

02.1.66.2 

66.6 

67 

66.1-64 

67 

48.8 

64.8 

69.66.8 


The  examination  questions  were  the  following :  — 

Describe  the  formation  of  the  deep  and  the  superficial  pahnar 
arches. 

Name  and  describe  the  salivary  glands. 

Locate  and  give  the  relations  of  the  right  kidney. 

Classify  muscles,  and  describe  each  class  macroscopically  and  mi- 
croscopically. 

Describe  the  crystalline  lens,  and  give  its  relations. 

Describe  the  peritoneum,  and  name  the  organs  covered  completely 
by  it. 

Describe  the  periosteum. 

Name  the  organs  and  parts  of  organs  located  in  the  left  hypochon- 
driac region. 

Mention  six  or  more  disinfectants.  State  best  methods  of  disin- 
fecting rooms  and  contents  of  same,  after  exposure  to  contagious 
diseases. 

When  are  diseases  said  to  be  epidemic,  and  when  endemic?  What 
diseases  usually  render  a  person  immune  from  a  second  attack  ? 

What  foods  best  maintain  animal  heat  in  cold  climates?  Give 
reasons  for  your  answer. 
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What  are  the  constituents  of  arterial  blood  ?    By  what  process  is 
venous  blood  changed  into  arterial  ? 

By  what  processes  is  drinking  water  purified  ?    Describe  each. 

What  is  carbon  dioxid  ?    What  are  its  properties  and  uses  ? 

What  is  an  alkaloid  ?    Name  three  much  used  in  medicine. 

Explain  the  anatomic  and  physiologic  differences,  and  the  function 
of  the  following :  mucous,  serous  and  synovial  membrane. 

How  is  the  sensation  of  pain  produced? 

State  the  normal  reaction,  and  the  cause  of  the  same  in  each  of  the 
following :  gastric  juice,  pancreatic  juice,  bile,  urine  and  blood. 

Name  the  excretory  glands  of  the  body  and  their  functions. 

What  are  the  functions  of  the  pneumogastric  nerve  ? 

Describe  the  pathologic  characteristics  of  dry  gangrene. 

Define  cloudy  swelling.     Describe  its  pathologic  process  in  the 
kidney. 

In  what  pathologic  lesions  is  urea  in  the  urine  diminished  ? 

Give  size,  form,  color  and  constituents  of  biliary  calculi,  their  loca- 
tion, and  the  lesions  they  may  produce. 

Give  the  morbid  anatomy  of  endocarditis. 

Discuss  furuncle  from  a  pathologic  standpoint. 

Discuss  the  pathologic  characteristics  of  naso-pharyngeal  adenoids. 

Differentiate  pathologically  the  lesions  of  catarrhal,  aphthous  and 
ulcerative  stomatitis. 

Describe  cystic  tumors,  and  give  the  varieties. 

Discuss  the  pathology  of  Addison's  disease. 

Discuss  tubercular  cervical  glands,  —  etiology,  diagnosis  and  treat- 
ment. 

Describe,  and  state  treatment  of  dislocations  of  the  knee  joint. 

Diagnose  fracture  of  the  patella.     State  varieties  and  treatment. 

Diagnose  nasal  polypi.     State  etiology,  symptoms  and  surgical 
treatment. 

Give  the  varieties  of  dislocation  of  the  shoulder  joint,  and  state 
mode  of  reduction  of  any  one. 

Define  strabismus.     State   its  cause,  and   describe  operation  for 
its  correction. 

What  is  circumcision ;  how  performed,  and  what  are  the  indica- 
tions for  it? 

Give  diagnosis  and  treatment  of  gonorrhea  in  the  male. 

Differentiate  concussion  and  compression  of  the  brain. 

What  conditions  would  contra  indicate  general  anesthesia?     What 
conditions  would  influence  you  as  to  choice  of  an  anesthetic? 

Name  three  causes  of  persistent  hsemorrhage  following  labor,  and 
treatment  in  each  case. 

What  is  the  significance  of  ante-partum  haemorrhage  ? 
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How  do  you  render  your  obstetric  and  gynecologic  instruments 
aseptic  ? 

What  is  Trendelenbui^'s  posture?  Describe  a  case  when  this 
posture  would  be  advantageous*  What  are  the  dangers  incident 
thereto  ? 

Differentiate  pregnancy  of  five  to  seven  months  and  an  ovarian 
cysU 

State  briefly  what  changes  take  place  in  the  organs  of  reproduc- 
tion at  the  time  of  the  menopause. 

What  are  the  dangers  of  the  Cred6  method  of  removing  the 
placenta  ? 

Discuss  the  management  in  a  case  of  flat  or  inverted  nipples ;  also 
cracked  nipples.  State  the  hygienic  precautions  necessary  in  such 
cases. 

What  are  the  causes  of  precipitate  labor?  What  are  the  dangers 
in  such  cases,  and  how  should  they  be  managed  or  treated  ? 

State  the  causes  of  transverse  presentation,  how  such  cases  are 
diagnosed,  and  how  managed. 

Give  diagnostic  symptoms  of  poisoning  by  strychnine.  In  treat- 
ing a  case,  what  antidotes  should  be  employed? 

Define  the  term  incompatibility  as  used  in  medicine,  and  give  two 
examples. 

Mention  three  cardiac  stimulants,  and  state  the  adult  dose,  and 
best  methods  of  administration  of  each. 

State  symptomatology  and  treatment  of  apoplexy  due  to  cerebral 
haemorrhage. 

Give  in  detail  the  therapeutic  uses  of  water. 

Name  two  chronic  diseases  in  which  a  daily  rise  in  temperature  is 
likely  to  occur.     Give  diagnosis  and  treatment  of  one. 

Name  the  chronic  diseases  of  the  liver,  and  give  diagnosis  and 
treatment  of  any  one. 

Give  the  etiology,  symptomatology,  treatment  and  prognosis  in 
scorbutus  in  infants. 

What  complications  are  liable  to  occur  in  measles,  in  scarlatina 
and  in  diphtheria?    What  prophylactic  measures  would  you  employ? 

Describe  and  give  treatment  for  rachitis  in  infancy. 

The  regular   meetings    for  the    examination    of  applicants 
begin  on  the  second  Tuesday  in  March,  July  and  November, 
at  9.30  A.M.,  and  close  on  the  afternoon  of  the  foUomng  day. 
Special  meetings  are  held  in  May  and  September,  on  corre- 
sponding days  and  hours. 

Applicants  are  admitted  to  examination  by   an  ^<  examina- 
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tion  ticket,  "  stating  the  applicant's  nomber  and  the  date  of  the 
examination.  Tickets  are  issued  to  applicants  on  filing  their 
applications ;  also  to  persons  entitled  to  a  re-examination, 
it  application  therefor  is  made  not  later  than  five  days 
before  the  examination  date. 

The  examinations  are  conducted  in  writing,  in  the  English 
language,  and  are  intended  to  be  ''  sufficiently  thorough  to  test 
the  applicant's  fitness  to  practise  medicine."  In  each  of  the 
examinations  held  this  year  sixty  questions,  divided  into  sets 
of  ten,  have  been  given,  and  two  hours  allowed  in  which  to 
answer  each  set.  The  applicant  is  required  to  designate  his 
papers  not  by  his  signature,  but  by  the  number  given  to  his 
application  when  filed.  This  requirement  insures  an  incognito 
rating  of  his  entire  examination  work. 

The  subjects  on  which  the  examinations  are  principally  con- 
ducted are  anatomy,  hygiene,  physiology,  pathology,  surgery, 
obstetrics,  gynecology,  diagnosis  and  practice. 

When  the  general  average  of  the  ratings  given  the  several 
sets  of  papers  of  an  applicant  by  the  individual  examiners  is 
below  70  per  cent.,  his  examination  is  regarded  as  unsatis&c- 
tory.  If,  however,  one's  general  average  is  found  to  be  near 
the  minimum  requirement,  his  papers  are  reviewed  by  the 
Board  in  general  session,  and  his  ratings  fixed  by  a  consensus 
of  opinion. 

Applications  for  an  examination  should  be  filed  at  least  five 
days  before  the  examination  date,  and  must  be  made  upon 
blanks  furnished  by  the  Board,  signed  and  sworn  to  by  the 
applicant,  and  must  be  accompanied  by  the  required  fee,  which 
is  twenty  dollars.  Certificates  of  registration  in  other  States, 
or  diplomas  of  graduation  from  medical  colleges,  do  not 
exempt  from  an  examination.  Upon  this  point  the  law  is 
mandatory,  —  that  all  must  he  examined, 

A  person  refused  registration  by  reason  of  failure  to  pass  a 
satisfactory  examination  is  entitled  to  two  re-examinations 
within  one  year  from  the  date  of  his  first  failure,  without  filing 
a  new  application  or  paying  an  additional  fee. 

Since  the  organization  of  this  department,  in  July,  1894,  the 
Board  has  issued  7,440  certificates  of  registration.  Of  this 
number,  3,792  were  issued  prior  to  January,  1895,  during  the 
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six  months  next  following  the  organization  of  the  Board,  to 
practitioners  residing  in  this  Commonwealth  at  the  time  the 
registration  act  became  in  part  operative.  These  practitionei*d 
were  registered  in  two  classes,  and  are  designated  in  the  annual 
reports  of  the  Board  aa  Class  A  and  Class  B.  Class  A  includes 
graduates  of  medical  institutions  authorized  by  law  to  confer 
degrees  in  medicine,  who  were  residing  or  practising  in  the 
Commonwealth  at  the  time  of  the  passage  of  the  law ;  Clas^s  B 
includes  non-graduate  practitioners,  who  had  practised  medi- 
cine in  the  Commonwealth  continuously  during  the  three  years 
next  prior  to  the  passage  of  the  law.  There  were  8,443  names 
enrolled  in  Class  A  and  349  in  Class  B.  There  were  608  per- 
sons refused  registration  during  the  six  months  above  refeiTcd 
to,  they  being  unable  to  meet  the  requirements  of  the  law  as 
to  graduation,  or  as  to  three  years  of  continuous  practice. 

The  work  of  registration  under  written  examinations,  con- 
ducted by  the  Board  as  required  by  law,  began  with  the  year 
1895.  Since  that  time  the  Board  has  given  4,797  individual 
examinations,  and  has  issued  3,646  certificates  of  registration, 
—  an  annual  average  of  364.  The  number  of  unsatisfactory 
examinations  is  1,157,  — an  annual  average  of  115. 

The  number  of  registered  physicians  now  in  practice  in  the 
Commonwealth  is  approximately  4,800, — an  average  of  1  to 
every  625  inhabitants. 

The  last  part  of  section  9  of  chapter  76  of  the  Revised  Laws, 
beginning  with  the  words  "  nor  to  registered  pharmacists,"  is 
frequently  misunderstood,  or  misapplied,  due  to  the  fact,  no 
doubt,  that  the  force  of  the  j)roviso  in  the  last  line  of  the  sec- 
tion is  not  strictly  regarded.  Clearly  it  was  not  the  intention 
of  the  Legislature  to  exempt  the  several  classes  of  persons 
mentioned  in  this  part  of  the  .section  from  the  general  provi- 
sions of  the  law,  only  so  far  as  they  may  be  able  to  perform 
certain  functions  without  infringing  upon  the  terms  of  section 
8.  It  is  well  understood  that  there  are  certain  acts  relating  to 
the  treatment  of  the  sick  which  osteopaths,  so  called,  or  nias- 
sagists,  etc.,  may  perform  without  holding  themselves  out  as 
practitioners  of  medicine,  or  without  being  considered  as 
pi-actising  medicine  within  the  meaning  of  the  law ;  for  in- 
stance, rendering  certain  services  to  the  sick,  or  administering 
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treatment  generally  under  the  direction  of,  or  as  advised  by, 
attending  physicians.  But  such  services  do  not  require  the 
sanction  of  law.  Inasmuch,  therefore,  as  this  part  of  section  8 
does  not  confer  special  rights  or  privileges  on  the  classes 
mentioned  therein,  it  would  be  wise  for  the  Legislature  to 
repeal  it,  in  order  to  avoid  any  possible  misapprehension 
regarding  it. 

The  word  '*  medicine,"  as  used  in  the  registration  act,  is 
susceptible  of  but  one  meaning,  namely,  <'the  science  which 
relates  to  the  prevention,  cure  or  alleviation  of  disease." 
The  law  does  not  consider  methods  or  systems  of  practice, 
whether  one  does  or  does  not  make  use  of  drugs  in  treating 
patients.  Practising  medicine  within  the  meaning  of  the  law 
is  diagnosing  disease  and  treating  the  same ;  and  a  practitioner 
of  medicine  is  one  who  makes  it  his  business  so  to  do.  Not  in- 
frecjuently,  however,  certain  practitioners  claim  that  they  are 
not  practitioners  of  medicine  because  in  their  practice  they  use 
no  medicine.  Notwithstanding  the  absurdity  of  such  a  claim, 
it  is  often  used  to  distract  and  hinder  court  proceedings  in 
prosecution  cases. 

Just  what  constitutes  the  practice  of  medicine,  or  holding 
one's  self  out  as  a  practitioner  of  medicine,  is  clearly  set  forth 
in  the  medical  practice  laws  in  many  of  the  other  States. 
Such  definitions  have  their  advantages ;  possible  misinterpre- 
tations of  the  intended  meaning  of  the  terms  of  the  law  ju*e 
thereby  avoided;  its  administration  is  simplified,  and  more 
certain  as  to  results;  and  violations  of  it  are  less  likely  to 
occur. 

The  enactment  of  the  following  is  recommended  :  — 

Any  person  shall  be  regarded  as  practising  medicine  within  the 
meaning  of  section  eight  of  chapter  seventy-six  of  the  Revised  Laws 
who  shall  publicly  assume  or  advertise  the  title  "Dr.",  or  "Physi- 
cian ",  or  any  other  title  or  designation  which  shall  show  or  tend  to 
show  that  the  person  publicly  assuming  or  adveilising  the  same  is  a 
practitioner  of  medicine  in  one  or  more  of  its  branches ;  or  who  shall 
investigate  or  diagnose  physical  ailments,  defects  or  conditions  of 
any  person  with  a  view  to  treat  or  relieve  the  same  by  any  method 
or  system  of  practice,  whether  with  or  withoibt  the  use  of  drugs ;  or 
who  shall  conduct  a  dispensary  practice,  or  shall  practise  in  a  med- 
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ical  institute,  remedy  or  medical  company,  or  place  of  business, 
wherein  a  person  may  be  treated  or  receive  treatment  or  relief  for 
any  real  or  supposed  pb3'sical  ailment,  defect  or  condition. 

The  Board  desires  to  call  the  attention  of  the  Legislature  to 
the  small  salaries  received  by  its  chairman  and  secretary,  and 
to  recommend  that  the  same  be  duly  considered  and  adjusted. 
In  this  connection  it  should  be  noted  that  the  receipts  of  the 
Board,  which  are  paid  into  the  treasury  of  the  Commonwealth, 
exceed  annually  the  cost  of  Board  maintenance  by  twelve  to 
fifteen  hundred  dollars. 


Financial  Statement. 
Expenditures. 


Services  of  members  of  Board, 

Incidental  expenses  of  Board, 

Investigation  of  complaints, 

Clerical  service,  . 

Printing  and  material, 

Books  and  other  office  supplies. 

Postage,  expressage  and  telephone. 


$4,299  96 
408  06 
188  95 
780  00 
112  58 
217  26 
181  90 


Beceipts. 
Fees  paid  into  tlie  treasury  of  the  Commonwealth,  . 


$6,138  71 

$7,820  00 


Appendix  A  contains  the  law  relating  to  registration,  and 
court  opinions  on  matters  relating  to  the  '*  meaning  of  the 
statute ;  "  Appendix  B,  the  names  of  all  the  practitioners  regis- 
tered in  this  Commonwealth. 


Respectfully  submitted, 

C.    EDWIN  MILES,  Chaiy-Tnaji. 
EDWIN   B.   HARVEY,  Secretary. 
WALTER  P.  BOWERS. 
SAMUEL  H.   CALDERWOOD. 
AUGUSTUS  L.  CHASE. 
NATHANIEL  R.  PERKINS. 
AUGUSTUS   C.   WALKER. 


APPENDICES. 


Appendix    A. 


Law  relating  to  the  Registration  of  Physicians. 

[Rbyibed  Laws,  Chafteh  76,  Sections  1>9.] 

Section  1.  There  shall  be  a  board  of  registration  in  medicine 
consisting  of  seven  persons,  residents  of  this  commonwealth,  who 
shall  be  graduates  of  a  legally  chartered  medical  college  or  university 
having  the  power  to  confer  degrees  in  medicine,  and  who  shall  have 
been  for  ten  years  actively  employed  in  the  practice  of  their  profes- 
sion. No  member  of  said  board  shall  belong  to  the  faculty  of  any 
medical  college  or  university,  and  no  more  than  three  members  thereof 
shall  at  one  time  be  members  of  any  one  chartered  state  medical 
society.  One  member  thereof  shall  annually  in  June  be  appointed 
by  the  governor,  with  the  advice  and  consent  of  the  council,  for  a 
term  of  seven  years  from  the  first  day  of  July  following. 

Section  2.  Said  board  shall  hold  regular  meetings  on  the  second 
Tuesday  of  March,  July  and  November  in  each  year,  and  additional 
meetings  at  such  times  and  places  as  it  may  determine.  At  the 
regular  meeting  in  July,  it  shall  organize  by  the  choice  of  a  chair- 
man and  secretary  who  shall  hold  their  offices  for  the  term  of  one 
year.  The  secretary  shall  give  a  bond  to  the  treasurer  and  receiver 
general  in  the  penal  sum  of  five  thousand  dollars,  with  sufficient 
sureties  to  be  approved  by  the  governor  and  council,  for  the  faithful 
performance  of  his  official  duties. 

Section  3.  Applications  for  registration  shall  be  made  upon  blanks 
to  be  furnished  by  the  board,  and  shall  be  signed  and  sworn  to  by  the 
applicants.  Each  applicant  for  registration  shall  furnish  satisfactory 
proof  that  he  is  twenty-one  years  of  age  or  over  and  of  good  moral 
character  and,  upon  payment  of  a  fee  of  twenty  dollars,  shall  be 
examined  by  said  board.  If  he  is  found  by  four  or  more  members 
thereof  to  be  twenty-one  years  of  age  or  over,  of  good  moral  char- 
acter and  qualified,  he  shall  be  registered  as  a  qualified  physician  and 
shall  receive  a  certificate  thereof  signed  by  the  chairman  and  secre- 
tary. An  applicant  who  fails  to  pass  an  examination  satisfactory  to 
the  board,  and*is  therefore  refused  registration,  shall  be  entitled  within 
one  year  after  such  refusal  to  a  re-examination  at  a  meeting  of  the 
board  called  for  the  examination  of  applicants,  without  the  payment 
of  an  additional  fee ;  but  two  such  re-examinations  shall  exhaust  his 
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pnvilege  under  his  original  application.  Said  board,  after  hearing, 
may  by  unanimous  vote  revoke  any  certificate  issued  by  it  and  cancel 
the  registration  of  any  physician  who  has  been  convicted  of  a  felony 
or  of  any  crime  in  the  practice  of  his  profession.  All  fees  received 
by  the  board  shall,  once  in  each  month,  be  paid  by  its  secretary  into 
the  treasury  of  the  commonwealth. 

[Section  4.*  Each  member  of  the  board  shall  receive  ten  dollars 
for  every  day  actually  spent  in  the  performance  of  his  duties,  and 
the  necessary  travelling  expenses  actually  expended  in  attending  the 
meetings  of  the  board,  not  exceeding  three  cents  a  mile  each  way. 
Such  compensation  and  the  incidental  and  travelling  expenses  shall 
be  approved  by  the  board  and  paid  by  the  commonwealth  only  from 
the  fees  paid  over  by  the  board.] 

Section  5.  The  board  shall  keep  a  record  of  the  names  of  all 
persons  registered  hereunder,  and  of  all  money  received  and  dis* 
bursed  by  it,  and  a  duplicate  thereof  shall  be  open  to  inspection  in 
the  office  of  the  secretary  of  the  commonwealth.  Said  board  shall 
annually,  on  or  before  the  first  day  of  January,  make  a  report  to  the 
governor  of  the  condition  of  medicine  and  surgery  in  this  common- 
wealth, of  all  its  official  acts  during  the  preceding  year  and  of  its 
receipts  and  disbursements. 

Section  6.  The  board  shall  investigate  all  complaints  of  the  viola- 
tion of  the  provisions  of  section  eight,  and  report  the  same  to  the 
proper  prosecuting  officers. 

Section  7.  Examinations  shall  be  wholly  or  in  part  in  writing 
in  the  English  language,  and  shall  be  of  a  scientific  and  practical 
character.  They  shall  include  the  subjects  of  anatomy,  surgery, 
physiology,  pathology,  obstetrics,  gynecology,  practice  of  medicine 
and  hygiene,  and  shall  be  sufficiently  thorough  to  test  the  applicant's 
fitness  to  practise  medicine. 

Section  8.  Whoever,  not  being  lawfully  authorized  to  practise 
medicine  within  this  commonwealth  and  registered  as  aforesaid,  holds 
himself  out  as  a  practitioner  of  medicine,  or  practises  or  attempts  to 
practise  medicine  in  any  of  its  branches,  or  whoever  practises  medi- 
cine or  surgery  under  a  false  or  assumed  name,  or  under  a  name  other 
than  that  by  which  he  is  registered,  or  whoever  personates  another 
practitioner  of  a  like  or  different  name,  shall,  for  each  offence,  be 
punished  by  a  fine  of  not  less  than  one  hundred  nor  more  than  five 
hundred  dollars,  or  by  imprisonment  for  three  months,  or  by  both 
such  fine  and  imprisonment.  In  a  case  in  which  a  provision  of  this 
or  the  preceding  section  has  been  violated,  the  person  who  committed 
the  violation  shall  not  recover  compensation  for  services  rendered. 

*  Repealed  by  the  Acu  of  1902,  and  fixed  salaries  esteblisbed. 
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Section  9.  The  provisions  of  the  eight  preceding  sections  shall 
not  be  held  to  discriminate  against  any  particular  school  or  system 
of  medicine,  to  prohibit  medical  or  surgical  service  in  a  case  of 
emergency,  or  to  prohibit  the  domestic  administration  of  family 
remedies.  They  shall  not  apply  to  a  commissioned  medical  officer 
of  the  United  States  army,  navy  or  marine  hospital  service  in  the 
performance  of  his  official  duty;  to  a  physician  or  surgeon  from 
another*  state  who  is  a  legal  practitioner  in  the  state  in  which  he 
resides,  when  in  actual  consultation  with  a  legal  practitioner  of 
this  commonwealth ;  to  a  physician  or  surgeon  residing  in  another 
state  and  legally  qualified  to  practise  therein,  whose  general  practice 
extends  into  the  border  towns  of  this  commonwealth,  if  such  physi- 
cian does  not  open  an  office  or  designate  a  place  in  such  towns  where 
he  may  meet  patients  or  receive  calls ;  to  a  physician  authorized  to 
practise  medicine  in  another  state,  when  he  is  called  as  the  family 
physician  to  attend  a  person  temporarily  abiding  in  this  common- 
wealth; nor  to  registered  pharmacists  in  prescribing  gratuitously, 
osteopathists,  pharmacists,  clairvoyants,  or  persons  practising  hyp- 
notism, magnetic  healing,  mind  cure,  massage.  Christian  science  or 
cosmopathic  method  of  healing,  if  they  do  not  violate  any  of  the 
provisions  of  section  eight. 


Commonwealth  v.  St.  Pierre. 

This  is  a  case  in  which  a  person  in  Fall  River  was  accused  of 
practising  medicine  without  registration.  His  professional  sign  was 
that  of  an  '^  eye  specialist."  He  was  sentenced  in  the  municipal 
court  to  three  months'  imprisonment  and  to  pay  a  fine  of  five  hundred 
dollars,  the  maximum  penalty.  The  case  was  carried  to  the  superior 
court,  where  sentence  was  sustained;  but  certain  exceptions  were 
taken  by  the  defendant's  counsel  to  the  rulings  of  the  court.  The 
exceptions  were  finally  disposed  of  in  the  following  opinion  of  the 
supreme  judicial  court,  rendered  on  the  thirteenth  day  of  December, 
1899  :  — 

LoRiNG,  J.  The  exception  to  the  exclusion  of  testimony  offered  by  the 
defendant  on  cross-examination  must  be  sustained.  The  government  had 
introduced  in  evidence  testimony  of  a  number  of  persons  to  the  effect  that 
they  had  visited  the  defendant  at  various  times ;  that  be  gave  to  them*med- 
icines,  and  advised  them  how  to  use  them ;  that  at  these  times  they  had 
conversations  with  him  about  the  nature  of  their  complaints ;  that  he  after- 
wards visited  some  of  ihem  at  their  houses  and  treated  them  there,  and  that 
they  paid  him  money,  and  the  bottles  and  packages,  which  the  witnesses 
testified  were  given  to  them,  had  been  put  in  evidence. 
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.The  defendant  offered  to  prove  that  ^*each  and  every  occasion  at  the 
time  the  parties  were  told  by  the  defendant  that  he  was  not  a  doctor,  and 
that  he  did  not  charge  anything  for  his  services/*  This  evidence  was 
excluded. 

If  the  defendant  sold  the  medicines,  receiving  payment  therefor,  and 
gave  advice  gratuitously  as  to  the  use  to  be  made  of  them,  he  was  not,  so 
far  as  those  instances  were  concerned,  holding  himself  out  as  a  physician ; 
his  declarations  accompanying  the  acts  and  showing  the  character  of  them 
were  admissible  as  part  of  the  res  gestcs. 

Of  course  it  was  open  to  the  government  to  contend  that  in  these  in- 
stances he  was  really  acting  as  a  physician,  and  was  paid  as  such  for  his 
services,  and  that  these  statements  were  efforts  to  evade  the  statutory  pro- 
visions here  in  question. 

But  when  the  Commonwealth  put  in  testimony  to  the  effect  that  he  had 
given  directions  and  advice  as  to  the  use  of  the  contents  ot  the  packages 
and  bottles  sold  by  him,  and  had  been  paid  by  the  persons  to  whom  the 
contents  were  sold,  it  was  the  right  of  the  defendant  to  prove  that  in  each 
instance  he  was  paid  not  for  the  advice  but  only  for  the  drugs,  and  that  he 
declared  that  he  was  not  a  physician ;  and  in  that  way  to  raise  the  question 
whether,  so  far  as  these  instances  were  concerned,  be  was  selling  the  drugs 
and  giving  information  gratuitously  as  to  their  use,  and  therefore  not 
thereby  holding  himself  out  as  a  physician,  or  whether  he  was  really  acting 
as  a  physician,  taking  payment  therefor,  and  was  seeking  by  such  declara- 
tions to  evade  the  effect  of  his  actions.  This  question  was  a  question  for 
the  jury,  under  all  circumstances,  and  the  testimony  offered  should  have 
been  admitted. 

As  the  questions  involved  in  the  other  exceptions  may  arise  in  a  new 
trial,  they  may  be  briefly  disposed  of  here :  — 

2.  The  burden  was  on  the  defendant  to  show  that  he  was  a  registered 
physician,  if  be  relied  on  sjich  a  justification.  Pub.  Sts.,  c.  214,  §  12.  This 
applies  to  cases  where  the  absence  of  a  license  is  made  part  of  a  descrip- 
tion of  the  offence.  Commonwealth  v.  Kellv,  10  Cush.  69.  Common- 
wealth  V.  Tuttle,  12  Cush.  502.  Commonwealth  v.  Barnes,  138  Mass.  152. 
Commonwealth  v.  McCarthy,  141  Mass.  420. 

3.  Proof  that  the  defendant  acted  either  as  a  physician  or  surgeon  was 
sufficient  to  support  the  complaint,  which  charged  him  with  holding  him- 
self out  as  a  physician  and  surgeon.  There  is  but  one  offence,  and  that  may 
be  committed  by  the  defendant's  holding  himself  out  as  a  physician  or  a 
surgeon  ;  if  the  complaint  charges  that  the  offence  is  committed  by  the  de- 
fendant's holding  himself  out  both  as  a  physician  and  surgeon,  the  whole 
offence  is  proved  if  he  is  shown  to  have  held  himself  out  as  either.  Com- 
monwealth V.  Dolan,  121  Mass.  374. 

4.  The  ruling  that,  if  the  defendant  held  himself  out  as  an  eye  specialist, 
he  held  himself  out  as  "  one  who  devoted  himself  to  a  branch  of  the  healing 
art  which  is  the  profession  of  the  physician  and  surgeon,''  and  that "  if  the 
defendant  held  himself  out  as  an  eye  specialist,  he  held  himself  out  as  a 
physician  and  surgeon  within  the  meaning  of  the  statute,"  was  correct. 

Kew  trial  ordered. 
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Commonwealth  v»  Maddalina  Della-Russo. 

The  complaint  against  Della-Russo,  a  midwife,  was  that  she  held 
herself  out  as  a  practitioner  of  medicine ;  and  that  she  practised 
medicine  unlawfully.  In  the  lower  court,  Suffolk  County,  William 
J.'Forsaith,  justice,  she  was  adjudged  guilty  on  both  counts.  An 
appeal  was  taken  and  the  case  was  tried  in  the  superior  court,  Decem- 
ber term,  1904.  Verdict,  guilty  on  both  counts.  The  contention  of 
the  defendant's  counsel  was  that  in  holding  herself  out  as  a  midwife 
she  did  not  hold  herself  out  as  a  practitioner  of  medicine,  and  that  in 
her  practice  she  attended  only  normal  cases  of  labor,  and  in  so  doing 
she  acted  in  the  capacity  of  a  nurse  only. 

Robert  O.  Harris,  justice,  charged  the  jury  as  follows :  — 

Id  the  consideration  of  this  case,  it  is  well  for  the  jury  in  the  beginning; 
to  start  upon  their  deliberations  with  a  well-defined  idea  of  what  the  issue 
is.  This  complaint  charges  the  defendant  in  two  counts :  first,  with  hold- 
ing herself  out  as  a  practitioner  of  medicine ;  second,  as  having  practised 
medicine.  The  statute  under  which  we  are  proceeding  provides  that, 
"  Whoever,  not  being  lawfully  authorized  to  practise  medicine  within  this 
commonwealth  and  registered  as  aforesaid,  holds  himself  out  as  a  practi- 
tioner of  medicine,  or  practises  or  attempts  to  practise  medicine  in  any  of 
its  branches,"  shall  be  subject  to  a  certain  penalty.  This  statute,  enacted 
in  1894,  may  be  said  to  be  a  re-enactment,  in  a  little  different  shape  and 
with  wider  scope,  of  laws  which  had  been  on  the  statute  books  of  this  com- 
monwealth for  many  years.  Under  the  old  law  there  arose  the  question 
which  has  been  raised  in  this  case  as  to  whether  it  is  necessary  that  a  person 
should  hold  himself  out  to  practise  medicine  generally  in  order  to  come 
within  the  purport  of  the  statute.  Under  the  early  statute,  in  1835,  Chief 
Justice  Shaw  of  the  supreme  court  rendered  an  opinion  as  follows :  — 

The  first  question  for  the  court  is  whether,  upon  the  facts  agreed,  the  defendant 
can  be  held  to  be  engaged  in  the  practice  of  physic  or  surgery.  It  appears  that  he 
professes  and  practises  bone  setting  and  reducing  sprains,  swellings  and  contractions 
of  the  sinews,  by  friction  and  fomentations ;  but  no  other  department  of  the  curing 
art.  By  bone  setting  we  understand  the  relief  afforded  as  well  in  cases  of  disloca- 
tion as  in  those  of  fracture.  The  court  are  of  the  opinion  that  this  brings  him 
within  the  meaning  of  the  statute  as  one  who  practises  physic  or  surgery.  We 
think  it  not  necessary  for  one  to  profess  to  practise  generally,  either  as  a  physician 
or  surgeon,  to  bring  him  within  the  operation  of  this  statute,  but  that  it  extends 
to  any  one  engaging  in  practice  in  a  distinct  department  of  either  profession,  and 
that  the  defendant's  practice  forms  a  considerable  department  in  the  practice  of 
surgery.* 

That  is  to  say,  if  one  holds  himself  out  to  practise  or  practises  in  any  line 
of  endeavor  which  comes  within  the  territory  which  belongs  to  medicine, 
he  comes  under  this  act,  although  he  may  follow  a  specialty. 

*  Hewitt  V.  Charier,  16  Pickering,  363. 
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But  this  precise  question  as  to  whether  midwifery  is  included  within  the 
statute  has  been  directly  decided  in  another  Commonwealth,  under  a  statute 
very  similar  in  terms  to  ours.  The  case  was  a  complaint  against  a  woman 
for  practising  midwifery.    The  supreme  coui-t  of  that  State  said :  — 

It  appeared  from  the  proof  that  the  defendant  held  herself  out  as  a  midwife  and 
practised  in  that  capacity.  It  is  orged  this  is  not  a  violation  of  the  act.  We  think 
yery  clearly  it  is.  Midwifery  is  an  important  department  of  medicine,  and  is  ao 
recognized  by  the  act.  The  law-making  power  of  the  State  has  enacted  that  *'  No 
person  shall  practise  medicine  in  any  of  its  departments  in  this  state  without  the 
qualifications  required  by  this  act.''  The  validity  of  such  a  law  is  not  denied,  but 
it  is  urged  only  that  the  defendant  had  not  practised  medicine  within  the  meaning 
of  the  act.  It  needs  no  argument  to  show  the  Importance  of  obstetrics  as  a  dei>art- 
ment  of  medicine,  nor  the  necessity  that  those  who  assume  to  practise  in  that 
department  should  possess  due  knowledge  and  skill.  The  welfare  of  their  patients 
is  certainly  within  the  purview  of  the  law,  no  less  than  in  other  departments,  where, 
in  many  instances,  at  least,  even  less  care  and  skill  may  be  essential,  and  where  the 
consequence  of  ignorance  and  unskillfulness  may  be  less  unfortunate.* 

Under  the  rulings  in  these  cases  to  which  I  have  referred,  and  under  the 
law  as  I  understand  it,  I  shall  have  to  instruct  you  that  as  a  matter  of  law 
one  who  undertakes  to  practise  midwifery  is  one  who  is  undertaking  to 
practise  medicine.  The  issue  in  this  case  is,  therefore,  whether  this  defend- 
ant has  undertaken  to  practise  as  a  midwife  If  so,  she  is  within  the  lan- 
guage of  the  act,  because  she  has  undertaken  to  practise  medicine,  or  a 
branch  thereof. 

The  question  then  in  this  ease  nan*ows  itself  down  to  just  what  this  de- 
fendant did.  She  claims  that  she  did  not  hold  herself  out  to  practise  in  any 
other  way  than  as  a  mere  nurse ;  and  that  she  assumed  do  responsibilities 
in  anything  that  she  did  in  any  case  other  than  those  of  an  ordinary  trained 
or  skilled  nurse.  And  upon  that  issue  you  have  to  consider  the  evidence  in 
the  case.  If  all  she  did  was  to  act  simply  as  a  nurse,  acting  under  some- 
body else^s  directions  and  doing  only  those  things  which  a  mere  nurse 
ordinarily  does,  and  assuming  no  responsibility  for  anything  excepting  that 
she  should  do  the  things  well  as  a  nurse,  then  she  is  not  guilty  under  this 
complaint.  If,  however,  while  calling  herself  a  nurse  she  actually  assumed 
the  function  of  a  physician,  and  advertised  herself  as  being  competent  to 
perform  the  duties  of  an  ordinary  physician,  and  was  engaged  upon  that 
understanding,  then  you  wilt  be  warranted  in  finding  her  guilty. 

*  People  V.  Arendt,  60  111.  App.  89. 
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Official  List  of  Practitioners  of  Medicine  registered  in  the 
Commonwealth  to  this  Date,  Dec.  31,   1904. 

Note.  —  The  following  are  the  forms  of  certificates  issued :  — 

Form  A,  to  graduates  of  legally  chartered  medical  colleges  or  uni- 
versities having  power  to  confer  degrees  in  medicine,  who  applied  for 
registration  before  the  law  went  into  full  effect,  on  Jan.  1,  1895, 
graduation  and  residence  in  the  Commonwealth  at  the  time  of  the 
passage  of  the  law  being  the  only  requirements  for  registration. 

Form  B,  to  those  who  applied  for  registration  before  Jan.  1,  1895, 
under  the  three  years'  practice  clause  in  section  3  of  chapter  458  of 
the  Acts  of  1894,  three  years'  continuous  practice  in  the  Common- 
wealth next  prior  to  the  passage  of  the  law  June  7,  1894,  being  the 
only  requirement  for  registration. 

Form  C,  to  graduates  of  legally  chartered  medical  colleges  in  this 
Commonwealth  who  applied  for  registration  subsequent  to  Jan.  1, 
1895,  and  previous  to  May  1,  1896,  during  which  period  the  law 
permitted  their  registration  without  an  examination,  a  diploma  from 
such  sources  being  by  the  law  considered  satisfactory  evidence  of 
fitness  to  practise  medicine.  This  provision  of  the  law  was  repealed 
May  1,  1896. 

Form  D,  to  graduates  examined  by  the  Board. 

Form  £,  to  non-graduates  examined  by  the  Board. 

Certificates  D  and  E  are  the  only  forms  issued  since  May  1,  1896. 
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Official  List  op  PRAcnnoirKBS  op  Msdicine. 


A  Abbe,  AUnflon  Joseph. 

A  Abbe,  Edward  Hooper. 

C  Abbe,  Frederick  Kandolph. 

A  Abbot,  Edward  SUnley. 

D  Abbot,  Florence  Hale. 

B  Abbott,  Adelaide. 

D  Abbott,  Albert  Francis. 

A  Abbott,  Cbarles  Edward. 

A  Abbott,  Cbarles  Sbeweil. 

D  Abbott,  Edson  Moses. 

D  Abbott,  Ealalie  Marie. 

A  Abbott,  Fred  Uncoln. 

A  Abbott,  Frederick  Wallace. 

D  Abbott,  Harry  Daniel. 

D  Abbott,  Howard  Edwin. 

A  Abbott,  Solon. 

A  Abbott,  Stephen  Wendell. 

B  Abbott,  SyUina  Apphla. 

D  Abel.  William  (lay. 

A  Abell,  Paul  White. 

D  Aberle,  Lillie  Ana«tasla. 

A  Achom,  John  Warren. 

A  Acken,  Thomas  Moore. 

D  Adam,  John  (veikie. 

D  Adams,  Carl  Sehadeker. 

D  Adams,  Charles  Baker. 

A  Adams,  Charles  Eli. 

A  Adams,  Charles  Sumner. 

A  Adams,  Edward  Hitchcock. 

A  Adams,  Edwin  Boardman. 

D  Adams,  Eva  Argene. 

C  Adams,  Francis  Way  land. 

A  Adams,  George  Edwin. 

D  Adams,  George  Francis. 

A  Adams,  George  Smith. 

A  Adams,  Herbert  Williams. 

A  Adams,  James  Forster  Alleyne. 

D  Adams,  James  Thacber. 

D  Adams.  John. 

D  Adams,  John  Dresser. 

A  Adams,  John  Qnlncy. 

D  Adams,  Walter  Forester. 

D  .\dams,  Walter  Henry. 

A  Adams,  Wendell  Holmes. 

D  Adams.  William  Carlton. 

D  Adams,  William  Gray. 

D  AdaniB.  Zalxllel  Boylston. 

A  Aheame,  Cornelius  Augustine. 

A  Ahearne,  Cornelius  Augustine,  Jr. 

D  Ahlqulst,  Ellen  Maria. 

A  Aiken,  Frank  Jonathan. 

D  Aiken,  Thomas  Francis,  Jr. 

A  Ainsworth,  Frank  Henley. 

A  Albee,  (ieorge  Macdonald. 

A  Albee,  George  Sumner. 

D  Alcom,  Thomas  (irant. 

D  Albro,  Christopher  Durfee. 


D  Alden,  Kllot. 

B  Alden,  Flora  Sweet. 

A  AMrich,  Albert  Clinton. 

A  Aldrleh,  Kben  Tme. 

A  Aldrich,  James  Mott. 

A  Aldrich,  Nathaniel  Borden. 

A  Alexander,  Clara  Jane. 

D  Alexander,  Thomas  Branch. 

D  Alfred.  James. 

A  AUard.  Frank  Ellsworth. 

B  AUard,  Joseph. 

B  Allen,  Alfred  Morion. 

A  Allen,  Carl  Addison. 

D  Allen,  Clarence  Jean. 

D  Allen,  Darid  Edmund. 

D  Allen,  Edward  Everett. 

A  Allen,  Edwin  Howard. 

C  Allen,  Frank  Nente. 

A  Allen,  Franklin  Haley. 

D  Allen.  Freeman. 

A  Allen,  Gardner  Weld. 

A  Allen,  Geoi^ge  Edwin. 

A  Allen,  Granrille  Sterena,  Jr. 

D  Allen,  Horatio  Cuahing. 

D  Allen,  James  Henry. 

A  Allen,  Justin. 

A  .Mien,  Lamson. 

A  Allen,  Louis  Edmund. 

D  Allen,  Lyman. 

B  Allen,  Nathan  Lererett. 

A  Allen,  Samuel  Johnson. 

D  Allen,  Seabury  Wells. 

A  Allen,  Stephen  Arthur. 

A  Allen,  WilUam  Howard. 

E  AUendorff,  John  Aloyslus. 

D  Alley,  Ernest  Jason. 

A  Allison,  George  Freeman. 

D  Allison,  Nathaniel. 

D  Amadon,  Alfred  Mason. 

A  Amadon,  Arthur  Frank. 

D  Ameno,  Joseph  Louis. 

A  Amerige.  Charles  Wardwell. 

A  Ames,  Charles  Edwin. 

A  Ames,  John  Lincoln. 

A  Ames,  Robert  Parker  Marr. 

D  Ames,  Wlnfleld  Howard. 

A  Amesbury,  Won  Cuthbert  Raleigh. 

A  Amesbury,  Water  Raleigh. 

A  Amory,  Robert. 

D  Amrock,  John  Henry. 

D  Amsden,  Henry  Hubbard. 

D  Anderson,  Hyrum  Andrew. 

D  Anderson,  John  Hammond. 

A  Anderson,  Martha  Ann. 

D  Anderson,  Robert  Harcourt. 

D  Anderson,  Thomas. 

D  Andrews,  Alfred  Ross. 
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Ofiiciai.  List  of  Pbactitionbbs  or  Medicine  —  Continued. 


A 

Andrews,  Bralnard  Alg«. 

A 

Ayer,  Silas  Hubbard. 

D 

Andrews,  Edward  Aastin. 

D 

Ayer,  Thomas  Herbert. 

D 

Andrews,  Harold  Virgil. 

B 

Ayres,  Harold  Wtnslow. 

D 

Andrews,  Jobn  Henry. 

D 

Babbitt,  Charles  Holton. 

A 

Andrews,  Mary  Annette. 

A 

Babbitt,  Henry  Bradford. 

D 

Andrews,  Oren. 

A 

Babbitt,  Warren  Morris. 

D 

Andrews,  Robert  Baton. 

A 

Babcock,  Daniel  Arnold. 

D 

Andrews,  Robert  Foster. 

D 

Babcock,  Blisha  Franklin. 

A 

Angell,  Henry  Clay. 

A 

Babcock,  Francis  Lester. 

D 

Angeny,  GranylUe  Loals. 

D 

fiachand,  Joseph. 

A 

Anthony,  Francis  Wayland. 

B 

Bacon,  GrenviUe. 

A 

Anfcbony,  Jeremiah  Christopher. 

D 

Bacon,  John  Lowell,  Jr. 

A 

Appleton,  Lucy. 

A 

Bacon,  Jonas  Edward. 

C 

Appleton,  William. 

A 

Bacon,  Joseph  Ambrose  Patrick. 

D 

Archambaalt,  Jean  Baptlste. 

B 

Bacon,  Newton  Samuel. 

D 

Archambanlt,  Joseph  Arthur. 

.   D 

Bacon,  Theodore  Spauldlng. 

A 

Archambeault,  Charles  Francis. 

D 

Badanes,  Ida. 

D 

Archibald,  Harry  Nelson. 

D 

Badger,  Fremont  Dayton. 

B 

Arkln,  Loals. 

B 

Badger,  George  Augustus. 

D 

Armington,  Herbert  Hamlin. 

D 

Badger,  George  Sherwln  Clarke. 

D 

Armstrong,  William  Laeias. 

D 

Baff,  Max. 

D 

Armstrong,  William  WlUard. 

B 

Bail,  John  Warren. 

A 

Arnold,  Horace  Darld. 

A 

Bailey,  Charles. 

A 

Aronowltech,  Anna. 

A 

Bailey,  Charles  Hardy. 

6 

Aronson,  Harris. 

D 

Bailey,  Ernest  Harry. 

A 

Arthur,  Asa  Adgate. 

D 

Bailey,  Florence. 

B 

Ascher,  Joseph. 

D 

Bailey,  Frederick  James. 

C 

Ash,  John  Henry. 

A 

Bailey,  George  Guy. 

D 

Ash,  Thomas  Francis. 

B 

Bailey,  George  Henry. 

D 

Ashley,  Bdward  Fiske. 

B 

Bailey,  George  Samuel. 

D 

Aspray,  Joseph. 

B 

Bailey,  Henry  Plummer. 

D 

Atkins,  Francis  Grant. 

D 

Bailey,  Marshall  Henry. 

D 

Atkins,  Grace  Elizabeth. 

A 

Bailey,  Stephen  Goodhue. 

C 

Atkinson,  Leonard  Woods. 

D 

Bailey,  Walter  C  banning,  Jr. 

A 

Atkinson,  Lizzie  Daniel  Rose. 

A 

Bailey,  William  Henry. 

D 

Atkinson,  Roger  Trowbridge. 

B 

Bailey,  William  Howard. 

A 

Atwater,  James  Billings. 

D 

Bailey,  William  Thomas. 

A 

Atwood,  Albert  John. 

D 

Bain,  John  Baxter. 

D 

Atwood,  Abel  Wilson. 

A 

Balrd,  Julian  William. 

A 

Atwood,  Charles  Augustus. 

A 

Baird,  William  Perry. 

D 

Atwood,  Charles  Fenner. 

D 

Baker,  Albert  Sherburne. 

A 

Atwood,  Frank  Sumner. 

D 

Baker,  Benjamin  Ward. 

A 

Atwood,  George  Manley. 

D 

Baker,  Chester  Monroe. 

A 

Auger,  Adolphe  Alphonse. 

A 

Baker,  Flint  Almena  Jane. 

A 

Auger,  Henri  Michel. 

A 

Baker,  David  Erastus. 

A 

Auger,  Louis  Lemaitre. 

A 

Baker,  Frank. 

A 

August,  Albert. 

A 

Baker,  Frederick  Herbert. 

D 

Aursleff,  Carl. 

D 

Baker,  George  Lorlmer. 

A 

Austin,  Arthur  Everett. 

A 

Baker,  Harry  Beecber. 

B 

Austin,  Charles  Gorham  Stubbs. 

D 

Baker,  Ida  Belle. 

D 

Austin,  James  Cornelius. 

A 

Baker,  Jane  Rogers. 

A 

Austin,  Lewis  King. 

B 

Baker,  Joseph  Calbeck. 

D 

Austin,  Mabel  Fletcher. 

A 

Baker,  Leiand  Madden. 

D 

Avedlsian,  Avedis  Der. 

D 

Baker,  Lewis  Forrester. 

D 

Ayerell,  Charles  Wilson. 

B 

Baker,  Lily  Owen. 

C 

AyerlU,  George  Goodwin. 

O 

Baker,  Osmyn. 

A 

Ayerlll,  Jesse  Howes. 

A 

Baker,  William  Henry. 

B 

AyeriU,  Mehitable  Merrill. 

D 

Baketel,  Roy  Vincent. 

D 

Avery,  John  Walte. 

D 

Balbonl,  Gerardo  Monari. 

A 

Ayer,  James  Bourne. 

D 

Balch,  Alfred  William. 
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Opficial  List  or  PRAcnrioKBRS  of  Medicine — Continued. 


A  Balcb,  Franklin  Greene. 

D  Balcom,  Elmer  Irving. 

A  Balcom,  George  Franklin. 

C  Balcom,  John  Alvin. 

A  Balcom,  Lafayette. 

A  Baldwin,  Frederick  William. 

D  Baldwin,  Harrlgon  Peck. 

A  Baldwin,  Henry  Cntler. 

C  Baldwin,  Herman  Trost. 

D  Baldwin,  Sauford  OBcar. 

D  Ball,  Clarence  Franklin. 

A  Ball,  Thomas  Joseph. 

A  Ballance,  William  Pell. 

D  Ballantyne,  Charles  Thomas. 

A  Ballard,  George  Tyler. 

B  Ballou,  Henry  Edmund. 

E  Balmer,  William  Edward. 

E  Bamjl,  Manak. 

A  Bancroft,  Edward  Erastos. 

A  Bancroft,  George  Andrew. 

B  Bancroft,  Irving  Reed. 

A  Bancroft,  Winfred  Baxter. 

D  Bandiera,  John. 

A  Banfleid,  Francis  Lorlng. 

A  Bangs,  Charles  Howard. 

D  Bannerman,  W^alter  Brace. 

A  Bannon,  Bernard  James. 

D  Bannon,  John  Hugh. 

A  Barbrlck,  John  Fraser. 

D  Bardwell,  Frederick  Albert. 

A  Barlbault,  William  Alfred. 

D  Barlght,  Herbert  Edwin. 

A  Barker,  Emllie  Jones. 

A  Barker,  Frank  Justin. 

D  Barker,  Ruth. 

D  Barlow,  Myron. 

D  Barnard,  Belle  Strickland. 

A  Barnard,  Rebecca. 

A  Barnaud,  Elie. 

D  Barnes,  Allan  Foster. 

E  Barnes,  Charles  Hall. 

D  Barnes,  George. 

A  Barnes,  Francis  Henry. 

A  Barnes,  Francis  John. 

D  Barnes,  Harry  Aldrlch. 

D  Barnes,  Harry  Lee. 

D  Barnes,  Henry. 

A  Barnes,  Henry  Jabez. 

A  Barnes,  Ida  Florence. 

E  Barnes,  James  Arthur. 

D  Barnes,  Lynn  Moore. 

A  Barnes,  William  Ellsworth. 

D  Barney,  Charles  Norton. 

D  Barney,  James  DelUnger. 

A  Barney-Hall,  Lucy  Robinson. 

D  Barraclough,  Alfred  Whitley. 

A  BarrA,  Joseph  Aladln. 

B  Barren,  Charles  Sewell. 

A  Barren,  George  Morton. 

D  Barrel!,  Mary  Elizabeth. 


D  BarreU,  Edward  William. 

E  Barrett,  Joel  Lewis. 

D  Barrett,  Michael  Francis. 

D  Barrett,  Richard  Francis. 

A  Barrett,  William  Marshall. 

A  Barrows,  William  Ezra. 

D  Barry,  Emmet  William. 

D  Barry,  James  Henry. 

B  Barry,  Joanna. 

D  Barry,  John  Aloysius. 

B  Barry,  William  Coplnger. 

A  Barstow,  Henry  Taylor. 

D  Bartlett,  Charles  Watson. 

D  Bartlett,  Clarence  Samnel. 

D  Bartlett,  Daniel  Edwin. 

A  BartleU,  Frederic  RUssell. 

A  Bartlett,  Oliver  Leslie. 

D  Bartlett,  Percy. 

D  Bartlett,  Philip  Challis. 

D  Bartlett,  Robert  Lander. 

B  Bartlett,  Samuel  Danforth. 

A  Bartlett,  Solon. 

D  Bartlett,  Walter  Oscar. 

D  Bartley,  John  Joseph. 

A  Bartol,  John  Washburn. 

D  Bartol,  Edward  Francis  Washburn. 

A  Barton,  Charles  Herbert. 

A  Barton,  Chester  Manley. 

A  Barton,  Jededlah  Marcas. 

D  Barton,  John  Alfred. 

D  Barton,  Walter  Emery. 

B  Basford,  James  Lendale. 

A  Baas,  WMlllam. 

D  Bassett,  Alice  Haley. 

A  Bassett,  Elton  James. 

D  Baseow,  George  Joseph. 

D  Bastian,  George  Leon. 

A  Batchelder,  Frederick  Preecott. 

A  Batchelder,  John  Couch. 

A  Batchelder,  Mary  Ann. 

A  Batchelder,  William  Burdett. 

A  Bateman,  Frank  Elliot. 

D  Bates,  Charles  At  wood. 

A  Bates,  Everett  Alanson. 

C  Bates,  Mary  Elizabeth. 

D  Bates,  Walter  Simpson. 

D  Bates,  Willard  Asa. 

A  Battershall,  Joseph  W^ard. 

A  Battershall,  Mary   Hannah   Wolf- 

enden. 

A  Baxter,  Edward  Hooker. 

A  Baxter,  John. 

D  Baxter,  William  Elihu. 

D  Bayliss,  Andrew. 

A  Baynum,  Mary  Herrick. 

A  Bazin,  Adelard. 

A  Beach,  Henry  Harris  Aubrey. 

D  Beal,  Herman  Alarlc. 

D  Beal,  Howard  Walter. 

D  Beale,  Samuel  Marsden,  Jr. 
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D 

BeaU,  Arthur  Lorlog. 

A 

Bennett,  William  Henry. 

A 

Be4in,  CharleB  Pierce. 

D 

Bennett,  William  Hurlburt. 

A 

Bean,  George  Henry. 

A 

Bennltt,  Francis  Marion. 

A 

Bean,  Jacob  Walter. 

A 

Benoit,  Benjamin. 

A 

Beane,  Newell  Wesley. 

A 

Benoit,  Louis  Raymond. 

D 

Beaton,  Alexander  Angus. 

D 

Benson,  Charles  Sweetser. 

D 

Beaton,  Archibald  Edward. 

A 

Bent,  Gilbert  Wesley  Warren. 

D 

Seattle,  John. 

D 

Berard,  A  Ibert  Joseph. 

D 

Beattle,  Robert  Fowler. 

D 

Berg,  Tekia  Amalia  Joseflna. 

A 

Beatty,  Franklin  Thomason. 

B 

Bergengren,  Charles  Henry. 

A 

Beaucbamp,  AlmA. 

B 

Bergengren,  Frederick  Wllhelm 

A 

Beauchamp,  Joseph  Octave. 

Alexis. 

A 

Beanchamp,  Zenophlde. 

A 

Bergeron,  Francois  de  Borgia. 

D 

BeauUeu,  Francis  Xayler. 

D 

Bergeron,  Pierre  Norbert. 

A 

Beaudet,  Napoleon. 

A 

Bergeron,  Seraphln  Ens%be. 

D 

Beaaparlant,  Joseph  Dayld. 

D 

Bergeson,  John. 

D 

Beckett,  Frank  Henry. 

D 

Bergin,  Stephen  Albert. 

D 

Beckley,  Chester  Charles. 

D 

Bergwall,  Walter. 

D 

Beckner,  Clara  Lee. 

B 

Berkman,  David  Wulf. 

A 

Bedard,  Joseph  Armand. 

D 

Berlin,  Fanny. 

S 

Beddall,  Albert  Richard. 

A 

Bernard,  Barnard  Lecherzack. 

D 

Beddell,  Charles  Ellsworth. 

D 

Pemard,  Flecker. 

A 

Beebe,  George  Hatch. 

D 

Bemauer,  Emll  Constantlne. 

A 

Beebe,  John  Belcher. 

B 

Bemier,  Joseph  Adolphe. 

A 

Becbe,  Richard. 

E 

Berry,  Charles  I*Yancl8. 

D 

Beebe,  Theodore  Chapln,  Jr. 

D 

Berry,  John  Cutting. 

D 

Beecher,  Clarence  Henry. 

A 

Berry,  I^uriston. 

B 

Beecher,  John  Asbury. 

D 

Berry,  Nathaniel  Leander,  Jr. 

D 

Beede,  M.  Josephine. 

D 

Berry,  Walter  Durant. 

B 

Beerlng,  Frederick  William,  Jr. 

A 

Bertram,  William  Henry. 

D 

Beharrell,  Sarah  Elizabeth. 

D 

Bertrand,  Alexis  Evariste. 

A 

Beland,  Henry  Severin. 

D 

Berwick,  James  Roderick. 

A 

Belanger,  David  Simeon. 

A 

Best,  Enoch  (ieorge. 

D 

Belden,  Albert  Matson. 

A 

Bethune,  Donald  John. 

B 

Beldlng,  John  Eastman. 

A 

Betts,  Helen  Loretta. 

D 

Belknap,  James  Lyman. 

D 

Bianco,  Joseph  Anthony. 

6 

Bell,  Christina  Eunice  Crawford. 

D 

Bicknell,  George  Cleveland. 

D 

Bell,  Clarence  John. 

D 

Blcknell,  Ralph  Emerson. 

A 

Bell,  George  Parson. 

E 

Bicknell,  William  Horace. 

A 

Bell,  Homer  Simpson. 

E 

Blello,  Joseph  Albert. 

A 

Bell,  James  Bachelder. 

D 

Blgelow,  Alfred  Mahlon. 

D 

Bell,  Robert  Eddy. 

A 

Bigelow,  Charles  Edwin. 

A 

Bell,  William  Appleton. 

D 

Blgelow,  Edward  Bridge. 

D 

Bellamy.  William  Woolsey. 

A 

Bigelow,  Enos  Hoyt. 

D 

Bellehumeur,  Stanislas  David. 

A 

Bigelow,  William  Sturgis. 

A 

Bellows,  Howard  Perry. 

A 

Bill,  Harriet  Parmenter. 

A 

Bemis,  Charles  Albert. 

A 

Billings,  William  Chester. 

A 

Bemls,  Charles  Vose. 

A 

Bilodeau,  Wencelas. 

A 

Bemis,  John  Merrick.. 

B 

Binford,  Ferdinand  Augustus. 

A 

Bemis,  Merrick. 

B 

Bingham,  Edna  Melvia. 

B 

Bemis,  Oscar  Adelbert. 

D 

Bingham,  Russell. 

D 

Bender,  Prosper. 

D 

Binney,  Horace. 

D 

Benjamin,  Walter  Robinson. 

B 

Birch,  Sylvan  us  Jutklns. 

A 

Benner,  Bumham  Roswell. 

D 

Blrchard,  George  Grant. 

D 

Benner,  Herbert  Orray. 

A 

Birdseye,  Frederick  Gould. 

D 

Benner,  Richard  Stanwood. 

A 

Birge,  Ella  Freeman. 

D 

Bennett,  Alice. 

A 

Birge,  William  Spafard. 

D 

Bennett,  Ernest  Walsworth. 

B 

Birmingham,  Lewis  Haydn. 

A 

Bennett,  Frederick  Sherwln. 

D 

Birmingham,  Louis  Howland. 

A 

Bennett,  John  Uilman. 

A 

Birmingham,  Robert  Michael. 
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D  Biron,  Joseph  Frederic  Rodolpbe. 

D  Blron,  Wilfrid  Louis. 

A  Birtwell,  Charles  Ebenezer. 

D  Bishop,  Frauklln  Lee. 

B  Bishop,  Henry  Earl. 

B  Bishop,  Jane  Emma. 

D  Bixby,  Ernest  Pierre. 

A  Blxbj,  Joslah  Peet. 

D  Black,  George  Lake. 

E  Black,  James  Stanislaus. 

D  Black,  Jotham  Freathy. 

A  Blackmer,  John. 

E  Blackmore,  Kichard,  Jr. 

A  Blackwood-Chamberlain,  Ellen 

Ramsdell. 

D  Blaine,  Walter  Edward. 

A  Blair.  Arthur  Walter. 

D  Blair,  (George  Kenniston. 

A  Blair,  James  Franklin. 

A  Blair,  John. 

D  Blair,  Orland  Rossini. 

D  Blair,  Orrln  Curtis. 

D  Blair,  William  Franklin. 

A  Blals,  Pierre  Gaspard. 

A  Blaiedell,  George  Warren. 

A  Blalsdell,  James  Edward. 

A  Blalsdell,  Walter  C banning. 

D  Blake,  Allen  Manson. 

A  Blake,  Charles  Abbott. 

A  Blake,  Clarence  John. 

A  Blake,  Harrison  Gray. 

E  Blake,  James  Henry. 

A  Blake,  John  Bapst. 

A  Blake,  John  George. 

A  Blake,  Le  Grand. 

B  Blake,  Mary  Jane. 

A  Blake,  Warren  Perkins. 

D  Blakely,  David  Newton. 

A  Blanchard,  Albert  Henry. 

A  Blanchard,  Bei^amin  Seaver. 

D  Blanchard,  liandall  Howard. 

E  Blanchard,  Stanley  Wayne. 

A  Blanchard,  Walter  Irving. 

A  Blanchctte,  Alexander. 

D  Blanchette,  WilUam  Henry. 

D  Blaney,  Cyril  Arthur. 

D  Blenkhorn,  Jaities. 

A  Bliss,  George  Daiiforth. 

D  Bliss,  George  Stephen. 

D  Bliss,  Jesse  I^onti. 

A  Bliss,  Wilbur  Howard. 

A  Blodgett,  Albert  George. 

A  Blodgett,  Albert  Novatns. 

D  Blodgett,  Harry  Perciral. 

D  Blodgett,  John  Hammond. 

D  Blodgett,  John  Henry. 

A  Blodgett,  Stephen  Haskell. 

D  Blodgett,  William  Ernest. 

A  Blood,  Robert  Allen. 

D  Bloom,  David  Nathan. 


A  Blossom,  Anne  Mooers. 

D  Boardman,  Albertus  Kellogg. 

A  Boardman,  William  Elbrldge. 

A  Boardman,  William  Sydney. 

E  Bodflab,  Gertrude  Trevette. 

D  Bohemler,  Joseph  Eugene  Napo- 
leon. 

A  Boland,  Ellsba  Shepherd. 

D  BoUes,  Celia  June. 

A  Bolles,  William  Palmer 

D  Bolster,  Augustus  Sargent. 

A  Bolton,  Charles  James. 

D  Bolton,  WllUam  Jackson. 

D  Bommarito,  Paolo. 

A  Bond,  Aaron  John. 

A  Bond,  Sarah  Adams. 

E  Bond,  Walter  l>«grand. 

A  Bond,  Willis  George. 

A  Bongaru,  Walter  Eugene. 

D  Bonnar,  James  Miller. 

D  Bonnell,  Clarence  Hombeek. 

E  Bonnerille,  Alfred  Joseph. 

D  Bonney,  Charles  Austin,  Jr. 

A  Bonney,  Franklin. 

D  Bonney,  Robert. 

D  Bonoff,  Zelly  Adam. 

C  Bony  roan,  Harry  Evan. 

D  Boodro,  William  Henry. 

A  Boody.  Charles  Hayes. 

D  Boomhower,  Alberta  Sylvia. 

D  Boos,  William  Frederick. 

A  Booth,  Anthony  Francis. 

C  Booth,  Edward  Chaunoey. 

A  Booth,  Robert. 

A  Boom,  Augustus  Keefer. 

D  Borden,  Charles  Richardson  Cobb. 

A  Borden.  Henry  Francis. 

A  Bossidy,  John  Collins. 

A  Bos  worth,  John  William. 

A  Bothfeld,  James  Francis. 

A  Bottomley,  John  Taylor. 

A  Boucher,  George  Alphonse. 

A  Boucher,  Joseph  Adelard. 

A  Bough,  Irvln  Gnstavus. 

E  Bouin,  Charles. 

A  Boulay,  Josephus  Charles. 

A  Bourbonnals,  HermangUde. 

D  Boutelle,  Harry  Clifton. 

D  Bowen,  Enos  Emanuel. 

D  Bowditch,  Henry  IngersoU. 

A  Bowditch,  Vincent  Yardley. 

B  Bowen,  Alfred  Preston. 

D  Bowen,  Arthur  Hosmer. 

E  Bowen,  Fred  J. 

A  Bowen,  John  Templeton. 

A  Bowen,  Merritt  Alphonso. 

A  Bowen,  Seabury  Warren. 

D  Bowers,  Elbem  Taylor. 

A  Bowers,  Walter  Prentice. 

A  Bowker,  Alphonso  Varlon. 
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A 

Bowker,  Charles. 

A 

Brennan,  John  Joseph. 

C 

Bowker,  Bverett  M. 

B 

Brennan,  Joseph  Thomas  Louis. 

B 

Bowker,  Horace  Leander. 

D 

Brennan,  Thomas  Joseph. 

A 

Bowker,  John  Coppi. 

A 

Bresenham,  Charles  Wilson. 

B 

Bowker,  Samael  Dawes. 

B 

Breton,  Joseph  Henry. 

A 

Bowles,  George  Hall. 

D 

Brett,  Edward  Joseph. 

A 

Bowles,  Stephen  Wallace. 

A 

Brett,  Frank  Wallace. 

B 

Bowman,  Alfred  WInthrop. 

A 

Brewster,  George  Washington 

D 

Bowman,  Anthony  William. 

Wales. 

A 

Bowman,  Fred  Raymond. 

A 

Brewster,  James  Bartlett. 

C 

Bowman,  WInthrop  Height. 

A 

Brewster,  Mary  Jones. 

A 

Boyd,  Herbert  Drummond. 

A 

Brick,  Francis. 

D 

Boyd,  James  Van  Wagner. 

D 

Brlckett,  Beatrice  Hannah. 

D 

Boyce,  Alvln. 

D 

Bridge,  Emma  Frances. 

B 

Boyer,  Joel. 

A 

Brldgham;  Charles  Burr. 

D 

Boyer,  Joseph  Napoleon. 

D 

Bridgham,  Samuel  Crosby. 

D 

Boylan,  Thomas  Edward. 

D 

Brldgman,  Burt  Nichols. 

C 

Boyle,  Alfred  John. 

D 

Brlggs,  Albert  Simmons. 

D 

Boyle,  Frank  Meagher. 

A 

Brlggs,  Charles  Albert. 

D 

Boyle,  John  Francis. 

D 

Brlggs,  Charles  Edwin. 

D 

Boyle,  Thomas  Patrick. 

A 

Brlggs,  Charles  Poor. 

B 

Boynton,  Edwin  Moses. 

A 

Brlggs,  Clifton  Dean. 

E 

Boynton,  Henry  BuUard. 

A 

Brlggs,  Edward  Cornelius. 

B 

Boynton,  Roy  John. 

D 

Brlggs,  Elizabeth  May  Richardson. 

B 

Boynton,  Stella. 

A 

Brlggs,  Frederic  Melancthon. 

A 

Brace,  George  Welles. 

B 

Brlggs,  James  Henry. 

A 

Brackott,  Elizabeth  Annastatia. 

A 

Brlggs,  Joseph  Emmons. 

A 

Brackett,  Elliott  Gray. 

D 

Brlggs,  Lloyd  Vernon. 

A 

Brapkett,  Humphrey  Fall. 

D 

Brlggs,  Merton  Ijiwrence. 

A 

Bradbury,  Charles  Huntress. 

D 

Brigham,  Clarence  Sumner. 

A 

Bradford,  Cary  Carpenter. 

A 

Brigham,  Edwin  Howard. 

A 

Bradford,  Edward  Hlckting. 

D 

Brigham,  Fred  Clayton. 

A 

Bradford,  Henry  Wlthlngton. 

A 

Brigham,  Hubbard  Hammond. 

A 

Bradford,  Oliver  Leach. 

D 

Brigham,  Percy  Herbert. 

A 

Bradley,  Charles  How. 

D 

Brightman,  Helen. 

A 

Bradley,  Charles  Seymour. 

A 

Brimmer,  Ida  Lucinda. 

A 

Bradley,  Hannah  Tiaura. 

D 

Brindamour,  Joseph  Edmond. 

D 

Brady,  Frank  Robert. 

A 

Brindlsl,  Rocco. 

D 

Brady,  Frederic  Le  Brun. 

A 

Brissett,  Henry  Rupert. 

D 

Brady,  James  Francis. 

B 

Broadbrldge,  Harry  Norman. 

A 

Bragdon,  George  Albert. 

A 

Brock,  Charles  Fremont. 

C 

Bragdon,  Horace  Elwood. 

B 

Brock,  Laurence  Ambrose. 

A 

Bragg,  Francis  Adelbert. 

A 

Brockway,  Charles  Henry. 

D 

Bragg,  Leslie  Raymond. 

D 

Broderick,  Frank  Patrick. 

A 

Bralnerd,  John  Bliss. 

A 

Broderlck,  Thoihas  Joseph. 

D 

Bralnerd,  Walter  Scott. 

D 

Broga,  William  Wallace. 

A 

Braird,  William  Henry. 

A 

Broidrick,  James  Patrick. 

A 

Braley,  Henry  Hudson. 

D 

Brooks,  Edith  May. 

D 

Branch,  Charles  Franklin. 

B 

Brooks,  George  Frederick. 

B 

Brande,  Charles  Drake. 

D 

Brooks,  Helen  Elizabeth. 

A 

Brandt,  William  Eugene. 

D 

Brooks,  Ida  Joe. 

A 

Branscomb,  William  Gower. 

A 

Brooks,  James  Fenner. 

A 

Bray,  Amanda  Currier. 

D 

Brooks,  John  Eugene. 

A 

Bray,  Edward  Van  Deusen. 

A 

Brooks,  liawton  Sticknev. 

D 

Brayton,  Roland  Walker. 

A 

Brooks,  Samuel  Doollttle. 

A 

Breck,  Samuel. 

D 

Brooks,  Simon  Pomeroy. 

B 

Breed,  Nathaniel  Perkins. 

A 

Brooks,  William  Allen,  Jr. 

D 

Breed,  Nathaniel  Pope. 

D 

Brosseau,  Wilfrid  Arthur. 

D 

Breitllng,  Joseph  Cushman. 

A 

Brough,  David  Dandle. 

D 

Bremer,  John  Lewis. 

A 

Brough,  Frank  Thomson. 
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D 

Brougbton,  Arthur  Ntcholaon. 

D 

Bninet,  Michel. 

A 

Broughton,  Henry  White. 

D 

Brush,  Frederic  Louis. 

D 

Brouftsean,  William  Gilbert. 

A 

Bryant,  Alice  Gertrude. 

A 

Brown,  Alden  Woodbrldge. 

A 

Bryant,  Anns  Mary  Dorr. 

D 

Brown,  Alpbonio  Blckford. 

D 

Bryant,  Charlea  Henry. 

A 

Brown,  Anthony  Leopold. 

D 

Bryant,  Charles  Sawyer. 

A 

Brown,  Charles  Robinson. 

A 

Bryant,  Edward  Gilman. 

E 

Brown,  Dale  Edward. 

D 

Bryifnt,  Fred. 

A 

Brown,  Daniel  Eugene. 

A 

Bryant,  Giles  Waite. 

A 

Brown,  Daniel  Joseph. 

A 

Bryant,  John. 

D 

Brown,  Daniel  Rollins. 

D 

Bryant,  John  Edmund. 

D 

Brown,  Edward  Manning. 

A 

Bryant,  Lewis  Lincoln. 

D 

Brown,  Edward  Wells. 

A 

Bryant,  Virginia  Frances. 

A 

Brown,  Edwin  Coleman. 

A 

Bryant,  W^illiam  Sohier. 

A 

Brown,  Electa  Ann. 

D 

Bryer,  James  Allen. 

B 

Brown,  Eugene  Merchants. 

A 

Bryson,  Adelbert  Allen. 

A 

Brown,  Francis  Henry. 

D 

Buccieri,  Mario. 

A 

Brown,  Frank  Byron. 

D 

Buchanan,  Charles  Stephen. 

A 

Brown,  Frederick  Augustus. 

A 

Buck,  Augustus  Walter. 

A 

Brown,  George  Artemas. 

D 

Buck,  Charles  Edward. 

D 

Brown,  George  Christopher. 

A 

Buck,  Charles  John. 

D 

Brown,  Harry  Albortus. 

D 

Buck,  Edward  Terry. 

A 

Brown,  Henry  Rlenzl. 

C 

Buck,  Howard  Mendenhall. 

D 

Brown,  Henry  Rolf. 

D 

Buck,  Maurice  Allon. 

A 

Brown,  Henry  \Vilson. 

A 

Buckingham  ,*Bd ward  Marshall. 

D 

Brown,  Hubert  Leslie. 

D 

Buckley,  Daniel  Joseph. 

B 

Brown,  Jacob  Wales. 

D 

Buckley,  James  Thomas. 

A 

Brown,  John  Peaslee. 

A 

Buckley,  John  Francis. 

D 

Brown,  Luther  Alnslee. 

A 

Buckley,  Philip  Townsend. 

A 

Brown.  Marshall  Lebanon. 

D 

Buckley,  William  Stephen. 

A 

Brown,  Martin  Millard. 

D 

Buehler,  George  Van  Busklrk. 

D 

Brown,  Mel v In  James. 

B 

Buiford,  John  Henry. 

D 

Brown,  Olive  Winona. 

D 

Buffum,  Herbert  Edwin. 

A 

Brown,  Orestes  Morton. 

D 

Boffum,  William  Henry. 

A 

Brown,  Orland  Jonas. 

D 

Bugbee,  Marlon  Louise. 

D 

Brown,  Percy  Emerson. 

D 

Buhrman,  Bttie  Ray. 

D 

Brown,  Phoebe  Day. 

A 

Bulflnch,  George  Greenleaf . 

A 

Brown,  Plumb,  Jr. 

B 

Bulkeley,  Frank  Stedman. 

A 

Brown,  Roscoe  Ellsworth. 

A 

Bullard,  George  Eli. 

A 

Brown,  Wallace  Everett. 

A 

Bullard,  Herbert  Cutler. 

A 

Brown,  Wilfi-ed  Gardner. 

C 

Bullard,  John  Thornton. 

B 

Brown,  William  Edward. 

A 

Bullard,  William  Norton. 

B 

Brown,  William  Francis. 

C 

Bullock,  Edwin  Warren. 

D 

Brown,  William  John. 

A 

Bullock,  George  Dexter. 

B 

Brown,  William  Ronald. 

D 

Bump,  Lewis  Nye. 

A 

Brown,  WMlllam  Symlngrton. 

A 

Bundy,  Frank  Eastman. 

A 

Brown,  Windsor  Aldricb. 

D 

Bunn,  Frank  Caulkins. 

D 

Browne,  John  George. 

C 

Burchmore,  Charles  Francis 

A 

Browne,  Percy  Gilbert. 

Preston. 

A 

Browne,  Proctor  Kinsman. 

E 

Burden,  Ernest  Druecilla. 

A 

Browne,  Will  Warpool. 

A 

Burge,  William  Prentice. 

A 

Brownell,  De  Ette. 

•    B 

Burgess,  Albert  Llndsey. 

D 

Brownrlgg,  Al)>ert  Edward. 

D 

Burgess,  Charles  James. 

A 

Brownrigg,  John  Sylvester. 

A 

Burgess,  Oliver  Graham. 

D 

Bruce,  Charles  W'esley. 

D 

Burgess,  Sherman  William. 

A 

Bruce,  Daniel  Angus. 

D 

Burke,  Francis  Ramon. 

A 

Bruce.  Emily  Allen. 

A 

Burke,  James  Joseph. 

A 

Bruce,  Frank  Colverd. 

D 

Burke,  Michael  Francis. 

A 

Bruce,  John  Angus. 

D 

Burke,  Walter  Thomas. 

D 

Brunelle,  Pierre. 

A 

Burke,  William  George. 
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D 

Barke,  William  Henry. 

C 

Butterworth,  Mary. Frances. 

A 

Burleigh,  Charles. 

A 

Buzzell,4)aniel  Thompson. 

A 

Burleigh,  Frederick  Wing. 

A 

Bychower,  Victor. 

D 

Burleigh,  Robert  Fletcher. 

I> 

Byers,  David  Walter. 

D 

Burley,  Benjamin  Thomas. 

D 

Byrne,  Charles  Armstrong. 

D 

Bumell,  Charles  Willard. 

D 

Byrnes,  Harry  Francis. 

A 

Burnett,  Frank  George. 

A 

Cabana,  Louis  Victor. 

A 

Burnett,  Frank  Hollls. 

A 

Cabot,  Arthur  Tracy. 

A 

Burnett,  Fred  Nelson. 

D 

Cabot,  Hugh. 

A 

Burnett,  Theodore  Cr^t^. 

A 

Cabot,  Richard  Clark. 

D 

Burnett,  William  Walton. 

D 

Cadigan,  John  Joseph. 

D 

Burnette,  John  BTerett. 

A 

Cahlll,  Charles  Sumner. 

A 

Burnham,  Blmond  Arthur. 

A 

Cabin,  Bllza  Buckman. 

D 

Bumham,  Frederick  Gray. 

A 

Cahlll,  George  Stephen. 

D 

Burnham,  Joseph  Forrest. 

B 

Cahlll,  John  Thomas. 

D 

Bumham,  Melvln  Page. 

A 

Caiger,  Albert  Bdward. 

D 

Bumham,  Parker. 

C 

Cain,  Henry  Walter. 

D 

Burns,  Frederick  Stanford. 

B 

Cain,  Maude  Florence. 

A 

Burns,  Hiram  Hutchlns. 

A 

Cain,  Willie  George. 

D 

Bums,  Robert. 

B 

Calsse,  George  Bmlle. 

B 

Bums,  Walter  Linn. 

D 

Caithness,  (George  Bager. 

D 

Burpee,  Carroll  Colby. 

A 

Calder,  James  Squalr. 

D 

Barque,  Joseph  George. 

D 

Calderwood,  Bdward  Swazey. 

A 

Burr,  Charles  Henry. 

A 

Calderwood,  Samuel  Herbert. 

D 

Burr,  Noah  Arthur. 

D 

Caldwell,  Albert  Francis,  Jr. 

A 

Burrage,  W^alter  Lincoln. 

C 

Caldwell,  George  Peters. 

A 

Burrell,  Benjamin  Henry. 

A 

Calkins,  Barry  Howes. 

A 

Burrell,  Herbert  Leslie. 

A 

Calkins,  Cheney  Hosmer. 

D 

Burroagbs,  Amelia. 

D 

Calkins,  Irving  Romaro. 

D 

Burt,  Charles  Kellogg. 

A 

Calkins,  Marshall. 

D 

Burt.  Bdward  Walter. 

A 

Call,  Bmma  Louisa. 

A 

Burt,  Fi*ank  Leslie. 

D 

Callahan,  Joseph  Thomas. 

A 

Burtch,  Harry  Mercein. 

A 

Callanan,  Sampson  Aloyslus. 

A 

Barton,  Charles  William. 

A 

Callender,  Charles  Harlow. 

D 

Burton,  James. 

D 

Calnane,  John  Andrew. 

A 

Burton,  Stephen  Caspar. 

D 

Cameron,  Charles  Bmest. 

D 

Bush,  Arthur  Dermont. 

A 

Cameron,  Bwan. 

D 

Bush,  Charles  William. 

C 

Camflll,  Robert  Bmmet. 

A 

Bush,  John  Standlsh  Foster. 

A 

Camp,  Charles  Welford. 

C 

Bashee,  James  Anson. 

A 

Camp,  Mary  Augusta. 

D 

Bushnell.  Bdward  Henry. 

D 

Campbell,  Annie  Butterfleld. 

A 

Bushnell,  Homer. 

C 

Campbell,  Benjamin  Franklin. 

D 

Bushold,  Fred  George. 

D 

Campbell,  Franklin  Bdward. 

D 

Buswell,  Albert  Currier. 

A 

Campbell,  Fidelia  Green. 

B 

Buswell,  Arthur  True. 

B 

Campbell,  James  Parker. 

D 

Butler,  Benjamin  Joseph. 

D 

Campbell,  Kleber  Alexander. 

B 

Butler,  Charles  Sborey. 

D 

Campbell,  Matthew  Philip. 

D 

Butler,  David  Presbury,  Jr. 

A 

Campbell,  Patrick  Henry. 

D 

Butler,  George  Bdwai*d. 

B 

Campbell,  Sheldon  Samuel 

A 

Butler,  John  Bdward. 

Stratton. 

D 

Butler,  Lester  Bmmons. 

D 

Cane,  Francis  Bdward. 

D 

Butler,  Patrick  Francis. 

D 

Canedy,  Charles  Francis. 

D 

Butler,  Richard  Bernard. 

A 

Canedy,  Francis  Joel. 

D 

Butler,iRodman. 

A 

Canedy,  Fred  Snow. 

D 

Butler,  Samuel. 

D 

Canedy,  Ransford  De  Los. 

A 

Butler,  Winthrop. 

D 

Canfleld,  Roy  Bishop. 

D 

Batler,  William  Hodnett. 

D 

Canney,  Bllen  Rose. 

D 

Buttler,  Charles  Voorhees. 

B 

Canning,  John  lYancis. 

B 

Butman,  William  Aaron. 

A 

Cannon,  David  Howland. 

A 

Butterfleld,  George  Washington. 

D 

Capelle,  Charles  Stanislaus. 
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D  Capen,  Elwyn  Wlnelow. 

A  Capen,  Samuel  Robs. 

A  Capen,  Thomas  Aliyn. 

D  CappSt  Joseph  Almarin. 

D  Carbone,  Gioyannl. 

A  Card,  Frank  Edwin. 

D  Card»  Horaflo  Smith. 

E  Carden,  Charles  James. 

D  Carl,  Bertha  Frederlca. 

D  Carl,  Isaac  Daniel. 

C  Carleton,  Dndley. 

A  Carleton,  Francis  Boyd. 

A  Carleton,  Ralph. 

A  Carleton,  Charles  Greenleaf . 

A  Carleton,  Charles  Horace. 

A  Carleton,  Elizabeth  Abbott 

D  Carlisle,  Frank  Henry. 

C  Carlton,  Mary  Elizabeth. 

A  Carmichael,  John  Hosea. 

E  Carmody,  William  Francis. 

A  CaroUn,  William  Terence. 

D  Caron,  Amable  Berthelat. 

D  Carothers,  William  Harsha. 

A  Carpenter,  Edward  Annon. 

B  Carpenter,  George  Clifton. 

A  Carpenter,  Helen  Braddook. 

B  Carpenter,  Julia  Hay. 

B  Carpenter,  Mary  Adelaide. 

B  Carpenter,  Sylvester  Stiles. 

A  Carpenter,  William  Henry. 

D  Carr,  Christopher  James. 

D  Carr,  Bernard  Joseph. 

A  Carr,  Frank  Fletcher. 

D  Carr,  George  Byron. 

A  Carr,  Lucy  Stearns. 

E  Carr,  Percy  Whitman. 

D  Carr,  Ralph  Stan  field. 

B  Carroll,  Eli^al>eth  Minnette. 

A  Carroll,  Francis  Edward. 

A  Carroll,  John  Aloysius. 

D  Carroll,  John  Philip. 

A  Carroll,  Thomas  Francis. 

D  Carroll,  Thomas  Francis. 

A  Carroll,  William  Edward. 

A  Carruth,  Sidney  Stetson. 

D  Carsley,  Sidney  Raymond. 

A  Carson,  Paul. 

E  Carter,  Curtis  Sumner. 

A  Carter,  Frank  Henry. 

A  Carter,  Robert  Lindsey. 

C  Carter,  Theron  Harlow. 

B  Carver,  Icbabod. 

A  Carvill,  Alphonso  Holland. 

D  Cary,  Foster  Harrington. 

D  Casgrain,  Charles  Arthur. 

D  Casselbury,  Clarence  Marmaduke. 

E  Cassldy,  James  Joseph. 

D  Casslnikos,  Panaglotes. 

D  Castillo,  Frank  Martin  del. 

D  Castle,  Catharine  White. 


D  Castle,  Edward  Beardslee. 

A       Castle,  James. 

D  Caswell,  Bertram  Horace. 

D  Cate,  Frederick  Symon. 

A  Cate,  George  Riley. 

F  Cate,  Shadrack  Mellon. 

D  Caalfleld,  George  Beresford. 

E  Caulfleld,  Thomas  Edward. 

C  Cavanagh,  Charles  Russell. 

A  Cayanagh,  Walter  James. 

D  Cavanaugh,  Loretta  Kathertno. 

D  Cavanaugh,  Mortimer  Thomas. 

D  Cavanaugh,  Thomas  Edward. 

D  Caverly,  Charles  Frank,  Jr. 

D  Cawley,  Ernest  Guy. 

D  Ceoonl,  John  Aloyslns. 

A  Celoe,  Frank  Frederick. 

A  Celce,  Jean  Henriette. 

D  Chace,  Ann  U. 

D  Chaoe,  Arthur  Freeborn. 

D  Chace,  Eleanor  Sarah. 

A  Chadboume,  Arthur  Patterson. 

D  Chadwell,  Orville  Rogers. 

C  Chadwlck,  Henry  Dexter. 

A  Chadwick,  James  Read. 

D  Chaffers,  Joseph. 

A  Chagnon,  Charles  Emlle. 

A  Chagnon,  Joseph  Samuel. 

D  Chagnon,  TancrMe  Deodatus. 

A  Chagnon,  Winceslas  John  Baptlste. 

A  Chalifaux,  Joseph  Hermto^lde. 

A  Chalmers,  Robert. 

A  Chamberlain,  George  Felton. 

D  Chamberlain,  George  Elliott. 

A  Chamberlain,  George  Washington. 

A  Chamberlain,  Myron  Leon. 

A  Chamberlain,  William  Eugene. 

A  Chamberlin,  Edward  Henry. 

B  Chamberlin,  James  Prescott. 

D  Chamberlin,  Theodore. 

A  Champlin,  Martha  Godfrey. 

A  Chandler,  Henry  Becktes. 

B  Chandler,  Ira. 

A  Chandler,  Luther  Graves. 

A  Chandler,  Norman  Fitch. 

D  Chandler,  Thomas  Evans. 

A  Channing,  Walter. 

D  Chapin,  Alva  Le  Roy. 

D  Chapin,  Clifford  Samuel. 

A  Chapin,  Delia  Lucretia. 

A  Chapin,  Frederic  Wilcox. 

A  ChaplD,  Walter  Henry. 

A  Chapman,  Charles  Ratchford. 

D  Chapman,  Howard  Jones. 

D  Chapman,  William  Lewis. 

D  Chaput,  Henry  Ernest. 

A  Charbonneau,  Joseph. 

D  Charbonneau,  Noe  Napoleon. 

A  Charbonneau,  Oliver. 

A  Charles,  Orlando  Warrington. 
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D 

Cbarron,  Joseph  Rosario. 

A 

Chubbuck,  Lurana  Abble. 

D 

CharterlB,  Mary  Alena. 

A 

Church,  Adaline  Barnard. 

A 

Chase,  Arthur  Brown. 

A 

Church,  Benjamin  Taylor. 

A 

Chase,  Augustus  Lucius. 

D 

Church,  Charles  Albert. 

C 

Chase,  Charles  Tristram. 

A 

Church,  Herbert  Ashley. 

D 

Chase,  Daniel  Emery,  Jr. 

D 

Church,  Mary  Violet. 

A 

Chase,  De  Forest  Woodruff. 

D 

Church,  Russell  Shepard. 

D 

Chase,  Edwin  Llewellyn. 

B 

Churchill,  Donald. 

A 

Chase,  Ell  Ayer. 

B 

Churchill,  John  Darling. 

D 

Chase,  Frank  Hills. 

C 

Chute,  Arthur  Lambert. 

D 

Chase,  Henry  MeWitle. 

A 

Cllley,  Daniel  Plumer. 

A 

Chase,  Heman  Lincoln. 

A 

Cilley,  Ori'an  George. 

A 

Chase,  Herbert  Augustus. 

B 

Claflin,  Anna  Frances. 

A 

Chase,  Hiram  Luce. 

A 

Clancy,  William  Henry. 

A 

Chase,  Horace. 

E 

Clap,  Edmund  Wright. 

A 

Chase,  Irah  Eaton. 

B 

Clapp,  Arthur  Martin. 

D 

Chase,  James  Smalley. 

A 

Clapp,  Frank  Horace. 

A 

Chase,  John  Win  slow. 

A 

Clapp,  Herbert  Codman. 

A 

Chase,  Joseph,  Jr. 

A 

Clapp,  James  Wilkinson. 

D 

Chase,  Lawrence  Milton. 

B 

Clarendon,  James  Campbell. 

A 

Chase,  Richard  Fitch. 

D 

Clark,  Albert  Ulysses  Franklin. 

D 

Chase,  Walter  Greenough. 

A 

Clark,  Caleb  Wakefield. 

A 

Chase,  William  Bradley. 

A 

Clark,  Clinton  Dewey. 

D 

ChauBs^,  Joseph  Arthur. 

A 

Clark,  David. 

A 

Cheerer,  Clarence  Alonzo. 

D 

Clark,  Edward  James. 

D 

Cheever,  David. 

D 

Clark,  Ezra  W. 

A 

Cheever,  David  Williams. 

D 

Clark,  Franklin  Edward. 

D 

Cheeyer,  John  Howard. 

C 

Clark,  Frederick  Lincoln. 

A 

Chenery,  William  EUsha. 

D 

Clark,  Frederick  Timothy. 

D 

Chenevert,  Joseph  Oylde. 

D 

Clark,  Genevieve. 

D 

Cheney,  Ernest  Llnwood. 

A 

Clark,  George  Henry. 

A 

Cheney,  Frederick  Edward. 

D 

Clark,  George  Oliver. 

D 

Cheney,  Harry  Cleveland. 

A 

Clark,  George  Stlllman. 

A 

Cheney,  Oscar  Dustln. 

A 

Clark,  Homer. 

B 

Cherry,  James  B. 

A 

Clark,  Henry  Frederick. 

D 

Chesley,  Alfred  Brvan. 

A 

Clark,  James  Colby  Dorr. 

D 

Chesley,  Alice  Maud  Mary. 

A 

Clark,  James  Samuel. 

D 

Chestnutt,  Arthur  Allan. 

D 

Clark,  John  Donovan. 

D 

Chevrette,  Wilfrid. 

A 

Clark,  John  Marther. 

B 

Chick,  William  Harrison. 

A 

Clark,  Joseph  Eddy. 

C 

Chlcoine,  Isidore  Hermanlgilde. 

A 

Clark,  Joseph  Leonldas. 

A 

Child,  Edward  Moses. 

A 

Clark,  Julius  Stimpson. 

D 

Chllds,  Alfred  Henry. 

A 

Clark,  Leonard  Brown. 

A 

Chllds,  Helen  Slmonds. 

A 

Clark,  May  Chadbourn. 

A 

Chipman,  Anna  Mary. 

A 

Clark,  Seth  Corbln. 

A 

Chlpman,  William  Reginald. 

A 

Clark,  Sidney  Avery. 

A 

Chlrurg,  Michael. 

A 

Clark,  Stephen  Wilson. 

D 

Chisholm,  Miles  Dudley. 

D 

Clark,  Thomas  Francis. 

A 

Chlsholm,  William  James. 

A 

Clark,  Theodore  Wright. 

A 

Chisholm,  William  Parmer. 

D 

Clark,  Walter  Almon. 

D 

Choate,  Alton  Jay. 

A 

Clark,  Walter  Thomas. 

A 

Choate,  David. 

D 

Clark,  WilUam  Goodwin  Chad- 

D 

Choate,  Horace  Henry. 

bourne. 

B 

Cholerton,  Herbert. 

A 

Clarke,  Augustus  Peck. 

D 

Choquette,  Hormidas. 

A 

Clarke,  Edith  Leavltt. 

B 

Choquette,  Joseph  Henry. 

A 

Clarke,  Edwin  Augustus. 

D 

Cborilan,  Klrkor  Hovhannes. 

D* 

Clarke,  Elliott  Mason. 

B 

Christian,  Andrew  Forest. 

A 

Clarke,  George  Clarendon. 

D 

Christie,  Samuel  Abraham. 

D 

Clarke,  Georg^e  Haven. 

D 

Chrystal,  Michael  Henry. 

A 

Clarke,  George  Salisbury. 
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I)  Clarke,  George  William. 

A  C larke,  H envy  Little . 

D  Clarke,  Inez  Louise. 

A  (^larke,  Israel  Jamee. 

B  Clarke,  John  Henry. 

A  Clarke,  Joseph  Pay  son. 

D  Clarke,  Joshua  Willlanis. 

A  Clarke,  Louis  Henry. 

A  Clarke,  Maurice  Dwlght. 

A  Clarke,  Mortimer  Hall. 

D  Clarke,  Thomas  Michael. 

A  Clarke,  William  Crocker. 

C  Clarke,  William  Johnson. 

D  Clarke,  William  Thomas. 

E  Clarkson,  Thomas  Carbarns. 

D  Cleary,  James. 

E  Cleaves,  Ezra  Eames. 

D  Cleaves,  Frederick  Henry. 

A  Cleaves,  James  Edwin. 

D  Cleghorn,  .\llen  MacKenzle. 

D  Clement,  Allen  Bell. 

A  Clement,  George  Colburn. 

A  Clement,  George  Wllmot. 

A  Clement,  Lydia  Ramsdell. 

D  Clement,  Merton  Wallace. 

E  Cleveland,  Heber  Howe. 

D  Cleveland,  Theodore  Parkman. 

D  Cliff,  Alfred  Addlngton. 

A  Cliff,  Leander  Albert. 

C  Cllft,  Joseph  Wales. 

A  Clock,  Frank  Benson. 

D  OloRson,  Gershom  Loveland. 

E  Closson,  Leon  Monroe. 

D  Cloudman,  Harry  Radcllffe- 

B  Clough,  Charles  William. 

E  Clough,  Frank  Herbert. 

A  Cloutler,  Felix  Joseph. 

A  Coady,  Patrick  Francis. 

A  Cobb,  Albert  Crocker. 

A  Cobb,  Carolus  Melville. 

A  Cobb,  Charles  Henry. 

I)  Cobb,  Chester  Thomas. 

A  Cobb,  Farrar  Crane. 

A  Cobb,  Frederic  Codman. 

A  Cobb,  Harriet  Hodges. 

D  Cobb,  Oliver  Warren. 

D  Coburn,  Horace  Fordyce. 

A  Coburn,  Henry  Harrison. 

A  Coburn,  William  Franklin. 

A  Cochran,  George  Buck. 

A  Cochran,  William  James. 

A  Codding,  Edwin  Hayden. 

C  Codman,  Ernest  Amory. 

E  Cody,  Joseph  John. 

A  <^'ody,  Edmond  Francis. 

E  Coc,  Richard. 

D  Coffey,  Daniel  David.  * 

D  Coffey,  Leonard  James. 

A  Coffin,  Arthur  Baylies. 

D  Coffin,  Frank  Herbert. 


D  Coffin,  George  Henry. 

A  Coffin,  John  Lambert. 

A  Coffin,  Juliet  Evelyn. 

D  Coffin,  Rockwell  Augustus. 

D  Coffrey,  William  Francis. 

A  Cogan,  Joseph  Ambrose. 

E  Cogan,  Thomas  Francis. 

C  Coggeshall,  Frederic. 

A  Coggin,  David. 

A  Coghlan,  John  Nichols. 

A  Cogswell,  Charles  Frederick. 

A  Cogswell,  Charles  Hale. 

A  Cogswell,  Edward  Russell. 

A  Cogswell,  George  Proctor. 

A  Cogswell,  William,  Jr. 

D  Cohan,  Francis  Henry. 

D  Cohill,  David  Young. 

D  Colburn,  Frederick  Wilkinson. 

D  Colburn,  Harry  Hayford. 

A  Colby,  Edward  Porter. 

A  Colby,  Edwin  .\lonzo. 

D  Colby,  Fred  Bennett. 

D  Colby,  Oilman. 

D  Colby,  William  Morrill. 

A  Colcord,  Daniel  Webster. 

A  Cole,  Charles  Ulggins. 

A  Cole,  David  Smalley. 

D  Cole,  Lorenzo  Walte. 

E  Cole,  Merlon  Kendrtck. 

A  Cole,  Ralph  Marcus. 

B  Cole,  Still  man  Asbury. 

A  Cole,  William  Ezra. 

A  Coleman,  EUenwood  Bunker. 

D  Coles,  William  Wharton. 

D  Colgate,  Charles  Henry,  Jr. 

A  Collamore,  Francis. 

A  Collet,  Peter  Achille  Anaclet. 

A  Collier,  Lawrence  Henry  Gtood. 

win. 

D  Collin,  Carl  Oscar  Louis. 

D  Collins,  Aubrey  John. 

A  Collins,  David  Aloysius. 

A  Collins,  Edgar  Clarence. 

D  Collins,  George  Tubman. 

D  Collins,  John  James. 

A  Collins,  Orville  William. 

D  Collins,  Richard. 

D  Collins,  Wallace  Jason. 

A  Collins,  William  Drolen. 

D  Collins,  William  James. 

D  Conlln,  Charles  Francis. 

A  Colt,  Henry. 

A  Colton,  John  Jay. 

B  Colvin,  William  Henry. 

A  Combs,  Leander  Warrem. 

A  Comey,  Perley  Pierce. 

D  Comlns,  James  Brooks. 

A  Comtois,  Odilon  Joseph. 

A  Conant,  Thomas. 

A  Conant,  William  Merritt. 
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D  CoDboy,  Michael  Aloyslus. 

A  Cone,  Dwight  Eleazer. 

A  Coogdon,  Lennler. 

£  Congreve,  James  MandeTlUe. 

D  Conkey,  Caroline  Root. 

D  Conklln,  Jay  Robert. 

A  CoDlan,  Thomas. 

D  Conlln,  Joseph  Michael. 

A  Conlon,  Andrew  Aloyslus. 

A  Conn,  Henry  Leon. 

A  Connell,  Arthur  Irving. 

A  Connell,  Charles  Walter. 

D  Conner,  Chandos  Burton. 

D  Conner,  Horace  Leigh. 

B  Connlhan,  Edward  Joseph. 

E  Connolly,  John  Matthew. 

D  Connolly,  William  Edward. 

D  Connor,  Charles  Frank. 

A  Connors,  WlUett  Spiirgeon. 

D  Conro,  Arthur  Clifton. 

D  Conroy,  Edward  Cornelius. 

A  Conroy,  Peter  John. 

A  Constaus,  Frnnk  Elmore. 

B  Contr6,  Paclflque. 

D  Conway,  Francis  Rernard. 

A  Cook,  Charles  Henry. 

A  Cook,  George  Andrews. 

E  Cook,  John  William. 

A    '  Cook,  Mabell  Melissa. 

D  Cook,  Philip  Howard. 

D  Cooke,  Henry  Arnold. 

A  Cooke,  Snow  Parker  Freeman. 

D  Cooley,  Abbott  Lathrop. 

A  Coolldge,  Algernon,  Jr. 

A  Coolldge,  David  Goldthwalt. 

D  Coolldge,  Frederic  Shartleff. 

A  Coolldge,  John  Nelson. 

E  Coolldge,  Sumner. 

D  Coon,  George  Bailey. 

A  Coon,  Marlon. 

D  Coon,  Mary  Jameson. 

A  Cooper,  Almon. 

D  Cooper,  Herbert. 

A  Cooper,  Ilermon. 

D  Collins,  William  Morris. 

A  Copeland,  Charles  Ward. 

A  Copeland,  Elmer  Humphrey. 

A  Copeland,  Horatio  Franklin. 

A  Copeland,  William  Henry. 

A  Copp,  Owen. 


D  Corr,  Francis  Xavler. 

A  Corrlgan,  John  Patrick. 

B  Cort,  Parker  Martin. 

B  Cosgrove,  John  Joseph. 

D  Costello,  John  Henry. 

A  Cote,  Camllle. 

D  Cote,  Honore  Joseph. 

D  Cotter,  Maurice  Edward. 

A  Cotterell,  Samuel  Parker. 

D  Cottle,  Louis  Albert. 

D  Cotton,  Curtis  Brlggs. 

A  Cotton,  Frederic  Jay. 

D  Cotton,  Harry  Andrews. 

D  Conch,  Oscar  Roberts. 

A  Couch,  William  Anthony. 

C  Coues,  William  Pearce. 

A  Coughlin,  John  William. 

A  Coulllard,  Pierre  Leonard. 

D  Coulson,  Richard. 

A  Councilman,  William  Thomas. 

A  Courtney,  Joseph  William. 

E  Courtney,  Samuel  Edward. 

A  Cousens,  Nicholas  William. 

A  Couture,  Michael  Horatlus. 

E  Cowan,  Marion. 

A  Cowden,  J.  Morrow. 

C  Cowdrey,  Arthur  Harris. 

D  Cowern,  Ernest  William. 

A  Cowles,  Edward. 

A  Cowles,  Frank  Augustus. 

A  Cowles,  Fred  Waterman. 

A  Cowles,  Slgourney  Trask.* 

A  Cowles,  William  Norman. 

D  Cox,  Gardner. 

D  Cox,  Simon  Francis. 

D  Cox,  Thomas. 

A  Coy,  Seth  Wlllard. 

D  Coyle.  Walter  Edward. 

D  Coyne,  James  Augustine. 

E  Coyne,  Thomas  Joseph. 

A  Crabtree,  Addison  Darre. 

D  Cragln,  Donald  Brett. 

A  Cragln,  Francis  Milton. 

A  Craig,  Daniel  Hiram. 

A  Cralgin,  George  Arthur. 

A  Cram,  John  Wesley. 

D  Craram,  William  Edward. 

D  Crandell,  Arthur  Richmond. 

D  Crandon,  Le  Roi  Goddard. 

D  Crane,  Bayard  Taylor. 


A 

Corcoran,  Luke. 

D 

Crane,  Carl  Custer. 

A 

Corey,  Francis  Edwin. 

D 

Crane,  Clarence. 

D 

Corey,  Frederick  Hall. 

A 

Crane,  George  Walker. 

D 

Coriat,  Isador  Harry. 

D 

Crane,  Stella  Howard. 

A 

Corliss,  Oscar  Luzerne. 

A 

Crawford,  Charles  Henry. 

B 

Cornbloom,  Charles. 

D 

Crawford,  Francis  Xavler. 

P 

Cornish,  Ellis  Holmes. 

E 

Crawford,  Howard  Trlbou. 

D 

Cornwell,  Edwin  Sylvester. 

A 

Crawford,  John  William. 

D 

Comwell,  Herbert  Cerdi  de 

D 

Crawford,  Joseph  Warrington. 

Vilarrestau. 

A 

Crawford,  Sarah  Marcy. 
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D       Crease,  Henry  George. 

D       Creesy,  Everett  Lorcom. 

A       Crlsand,  Carl. 

D       CrlBpo,  Peter  Timothy. 

D       Crittenden,  Harrison  Murray. 

D       Crittenden,  Samuel  Wright. 

D       Crittendon,  Rufus  Asaph. 

A       Croacher,  Anna  Wood. 

A       Crocker,  Benton  Pulslfer. 

A       Crocker,  John  Myrick. 

D       Crocker,  Louis  Allen. 

A       Crocker,  Susan  Elizabeth. 

A       Crocker,  Wlllard  Crafts. 

A       Crockett,  Eugene  Anthony. 

B       Crockett,  Fred. 

A       Crockett,  Frederick  Eugene. 

D       Croft,  Benjamin  Pomeroy. 

D       Crofts,  Nicholas  Mattliew. 

A  Cronln,  Henry  William. 

D  Cronln,  Jeremiah  Augustine. 

D  Cronln,  Joseph  John. 

D  Cronln,  Michael  John. 

D  Cronln,  Thomas  Joseph. 

D  Crocker,  Hiram  Henry. 

D  Crosby,  Frederic  Chandler. 

D  Crosby,  Leander  Marshall. 

D  Cross,  Albert  Elmer. 

A  Cross,  Grace  Ella. 

A  Cross,  Hiram  Bliss. 

D  Cross,  Louis  Kent. 

E  Cross,  Rupert  Calladon. 

D  -Cross,  William  Patrick. 

D  CroBsland,  Henry  Mark. 

A  Croseman,  Frank  Albert. 

A  Croston,  John  Francis. 

D  Crotty,  Thomas  Henry. 

C  Crowell,  UannalfHall. 

A  Crowell,  Samuel. 

A  Crowell,  Willis  E. 

D  Crowley,  Ambrose. 

A  Crowley,  Jeremiah  Francis. 

D  Crowley,  John  Michael. 

B  Crownln shield,  Phoebe. 

A  Crozler,  Thomas. 

C  Crulkshank,  Herbert  Wyche. 

D  Cudworth,  Charles  Duane. 

A  Culbert,  Robert  Ronayne. 

A  Culbertson,  Emma  Valeria  P.  B. 

D  Cummin,  John  White. 

D  Cummlngs,  Alvah  Cochran. 

A  Cummlngs,  Charles  Steams. 

A  Cummlngs,  Edwin  Francis. 

D  Cummlngs,  Frederick  Russell. 

A  Cummlngs,  Irving  Oscar. 

D  Cummlngs,  John  Joseph. 

A  Cummlngs,  Maria  Louisa. 

A  Cummlngs,  Michael  Aloyslus. 

D  Cummlngs,  Morton  Everett. 

A  Cummlngs,  Mott  Alvah. 

B  Cummlngs,  Wlllard  Cory  don. 


A  Cumston,  Charles  Greene. 

A  Cundall,  Charles  Carol. 

B  Cuneo,  Augustus. 

A  Cunningham,  Benjamin  Frazier. 

E  Cunningham,  Edward  Albert. 

D  Cunningham,  John  Henry,  Jr. 

A  Cunningham,  Joseph  Henry. 

A  Cunningham,  Thomas  Edward. 

D  Cunningham,  Patrick  Vincent. 

B  Cunningham,  Wilfrid  Bernard. 

D  Curley,  Clarence  Proctor. 

D  Curley,  George  Frederick. 

D  Curley,  Walter  James. 

A  Curran,  Charles  Henry. 

A  Curran,  Charles  James. 

D  Curran,  Simon  Francis. 

A  Currte,  John  Zebulon. 

A  Currier,  Mary  Barnard. 

A  Carrier,  May  Carrie. 

B  Currier,  Richard  Doe. 

D  Currier,  William  Eugene. 

A  Currier,  William  Hale. 

D  Curry,  Edmund  Farnham. 

D  Curtis,  Belle  Dora. 

A  Curtis,  Francis  George. 

A  Curtis.  Hall. 

D  Curtis,  Harlan  Fuller. 

A  Curtis,  Henry  Fuller. 

^  Curtis,  Thomas  Mitchell. 

D  Curtis,  William  Goodwin. 

A  Cushlng,  Alvln  Matthew. 

D  Cushlng,  Arthur  A  Iden. 

A  Cushlng,  Ernest  Watson. 

A  Cushlng,  Eugene  Bonaparte. 

A  Cushlng,  Hayward  Warren. 

A  Cnshlng,  Ira  Barrows. 

A  Cushlng,  Oliver  Fernald. 

A  Cushman,  Andrew  Barnard. 

A  Cushman,  George  Thomas. 

D  Cnsbman,  Mary  Floyd. 

D  Cuslck,  Lawrence  Francis. 

D  Cuslck,  Thomas  Francis. 

D  Cutler,  Alice  Surry. 

A  Cutler,  Cecil  Stevens. 

A  Cutler,  Charles  Lewis,  Jr. 

E  Cutler,  Charles  Newton. 

A  Cutler,  Edward  Roland. 

A  Cutler,  Elbrldge  Gerry. 

B  Cutler,  George. 

A  Cutler,  James  Tucker. 

A  Cntler,  William  Bullard. 

A  Cuttei ,  Charles  Kimball. 

E  Cutter,  Arthur  Hardy. 

A  Cutter,  Ephralm. 

A  Cutter,  John  Ashburton. 

A  Cutter,  John  Clarence. 

D  Cutting,  Charles  Theodore. 

A  Cutts,  Harry  Madison. 

D  Dacey,  Cornelius  Joseph. 

D  Dadmun,  Eliza  Josephine. 


1905.] 


PUBLIC  DOCUMENT  — Xo.  56. 


37 


Official  List  op  Practitionbrs  of  Medicinb  —  Oontinued. 


E 

DahlquUt,  Edward  Bernhard. 

A 

Davis,  Frederick  Augustus. 

A 

Dalgneault.  Joseph  Arthur. 

A 

Davis,  Frederick  Augustus. 

I) 

Dalley,  Edward  Joseph. 

D 

Davis,  Grace  von  Stauflfer. 

D 

Dailey,  Richard  Connell. 

D 

Davis,  George  Anthony. 

A 

Dally,  John  Wesley. 

D 

Davis,  George  Uealy. 

A 

Dake,  DumoDt  Charles. 

D 

Davis,  Lincoln. 

A 

DaklD,  Edward  Arthur. 

D 

Davis,  Mlnot  Flagg. 

A 

Daklu,  Mary  Anna  Dorgan. 

D 

Davis,  Myron,  Jr. 

A 

Dale,  John  I^nibard. 

C 

Davis,  Myron  Henry. 

A 

Daley,  Robert  Nicholas. 

A 

Davis,  Nathan  Johnson. 

D 

Dalryniple,  Addle  Blanche. 

D 

Davis,  Percy  Guy. 

D 

Dairy m  pie,  Alfred  Tomblinson. 

A 

Davis,  Roland  Augustus. 

E 

Dalton,  Charles  Francis. 

A 

Davis,  Samuel  Alonzo. 

D 

Dalton,  Charles  Howard. 

A 

Davis,  Samuel  Thomas. 

D 

Dalton,  John  Edward. 

D 

Davie,  Stephen  Rich. 

D 

Dalton,  Martin  James. 

A 

Davis,  Wesley. 

D 

Dalton,  Michael  Henry. 

B 

Davis,  William  Everett. 

A 

Daly,  Bernard  Thomas. 

D 

Davis,  William  Henry. 

A 

Daly,  James. 

£ 

Davis,  W'llliam  Horace. 

E 

Daly,  Jeremiah  James. 

B 

Davis,  William  Philip. 

A 

Daly,  Richard  Francis. 

D 

DavlH,  Wlnnlfred  Puffer. 

D 

Daly,  Timothy  Joseph. 

C 

Davison,  Archibald  Thompson. 

C 

Daly,  William  Joseph. 

B 

Davison,  Arthur  Howard. 

A 

Dam,  Alvah  Morton. 

A 

Dawes,  William  Greenleaf. 

D 

Dame,  Fi'ed  Russell. 

A 

Day,  Clarence  Currier. 

A 

Damon,  Arthur  Lewylenn. 

B 

Day,  Henry  Bailey. 

A 

Damon,  Newromb  Lincoln. 

B 

Day,  Hllbert  Francis. 

A 

Dane,  John. 

D 

Day,  James  Arnold. 

D 

Danforth,  Harland  Abbott. 

D 

Day,  Josiah  Fisher. 

D 

Daniel,  Vivian. 

A 

Deal,  Edward  Edwin. 

A 

Daniels,  Edward  William. 

A 

Deal,  George  Francis. 

A 

Daniels,  Edwin  Alfred. 

A 

De  Amezaga,  Gualtlero. 

E 

Daniels,  Roy  Adelbert. 

D 

Dean,  Charles  Henry. 

D 

Darby,  Edward  Arthur. 

D 

Dean,  Hubert  Tldd. 

D 

Darby,  Margaret  Gurney. 

D 

Dean,  Ralph  Dennlston. 

D 

Darling,  Casslus  Harriot. 

A 

Deane,  Asahel  Sumner. 

A 

Darling,  Charles  Balfour. 

A 

Deane,  Ebenezer  Alexander. 

•A 

Darling,  Eugene  Abraham. 

A 

Deane,  Henry  Augustus. 

D 

Darmond,  Alice  Lavlnla  Kimball. 

A 

Deane,  Wallace  Harlow. 

A 

Darrah,  Rufus  Elmer. 

A 

Deans,  Herbert  Clair. 

D 

Daudelln,  Slmdon  Alphonse. 

A 

Dearborn,  Alvah  Burton. 

A 

Dayenpoi-t,  Bennett  Franklin. 

D 

Dearborn,  Henry  Hale. 

A 

Davenport,  Charles  Albert. 

A 

Dearborn,  John  George. 

A 

Davenport,  Francis  Henry. 

A 

Dearborn,  John  Henry. 

D 

Davenport,  Frank  Douglass. 

A 

Dearborn,  Reuben  Fletcher. 

D 

David,  Mary  Ina  Miles. 

A 

Dearing,  Henry  Lincoln. 

A 

Davidson,  Kallman  Meyer. 

A 

Dearlng,  Howard  Summer. 

A 

Davie,  Charles  Herbert. 

A 

Dearing,  Thomas  Haven. 

D 

Davles,  Thomas  Frankly n. 

A 

De    Beer,    Johannes    Benedict 

A 

Davis,  Andrew  Jackson. 

David. 

D 

Davis,  Anna  Belle. 

A 

De  Blois,  Thomas  Amory. 

A 

Davis,  Bessie  Delano. 

B 

Decker,  William  Nelson. 

D 

Davis,  Charles  Henry. 

A 

Dedrick,  Albert  Clinton. 

A 

Davis,  Edward  Parker. 

A 

Deehan,  Peter  Eugene. 

A 

Davis,  Ella  Maxfleld. 

D 

Deely,  George  Edward. 

D 

Davis,  Francis  Alvorde. 

B 

Deering,  George  Edwin. 

E 

Davis,  Frank  Albert. 

A 

Defriey,  William  Peabody. 

D 

Davis,  Frank  Albln, 

A 

De  GrandprA,  Louis  Philippe. 

A 

Davis,  Frank  Stewart. 

A 

Dehn,  Edward  William. 

A 

Davis,  Franklin  Jerome. 

A 

Delahanty,  William  Joseph. 
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A 

Deland,  Charles  Airmct. 

E 

Dexter,  Fred  Fay. 

A 

De  Langle,  Charles  Petit. 

D 

Dews,  Frederic  Gifford. 

A 

Delano,  Marcus  F. 

A 

Dexter,  Ella  Louisa. 

A 

Delano,  8amael. 

A 

Dexter,  Franklin. 

A 

De     lATal-Thyemay,     Melville 

D 

Dezoll,  Frederick  Burr. 

Bndore  Forbln. 

A 

Dickens,  Job  Byron  Marcus. 

A 

De  liguorl,  (iloyanbattlsta. 

J^ 

Dickerman,  Silas  Barnet. 

A 

Delisle,  Joseph  Damase. 

D 

Dickerson,  Spencer  Cornelius. 

A 

De  Lue,  Frederick  Spauldlni?. 

D 

Dickinson,  Amelia  Ann. 

D 

De  Marco,  Tomaslno. 

A 

Dickinson,  Charles  Henry. 

A 

DembOi  Fanny. 

A 

Dickinson,  Harvey  Middleton. 

D 

De  Merrltt,  Charles  Law. 

D 

Dickson,  Richard  Ensign. 

D 

Demers,  Adelard  Olivier. 

D 

Diemar,  Lena  Hess. 

A 

Denig,  Blanche  Alpine. 

C 

Dike,  John. 

A 

Denklnger,  Joseph  Anton. 

A 

Dillon,  Thomas  Joseph  Bennett. 

D 

Dennen,  Joseph  Horace. 

B 

Dillon,  Richard  Hastings. 

D 

Dennet,  Charles  Augustus. 

A 

Dlmock,  Daniel  Wright. 

D 

Dennett,  Alonzo  Gustln. 

A 

Dlnenson,  Abraham  Isaac. 

D 

Dennett,  Daniel  Clement. 

A 

Dion,  Thomas  Joseph. 

A 

Dennett,  George  William. 

B 

Dlonne,  Louis. 

•  A 

Dennett,  John,  Jr. 

B 

Dionne,  Louis  EdwartL 

D 

Dennett,  Roger  Herbert. 

D 

Disbrow,  John  Robert. 

B 

Denning,  Edward  John. 

A 

Dlsbrow.  Robert. 

D 

Denning,  William  Edward. 

A 

Disney,  Frank  Arundel  Ellas. 

A 

Dennis,  James  Henry. 

D 

Dix,  George  Alfi-ed. 

C 

Dennis,  Jane  Louise. 

A 

Dixon,  Joseph  Henry. 

D 

Dennlson,  An'hibald  Sayre. 

A 

Dixon,  I^wis  Seaver. 

C 

Denny,  Francis  Parknuin. 

A 

Dixon,  Robert  Brewer. 

A 

Denny,  Harry  Ernest. 

A 

Dix  well,  John. 

A 

De  Normandie,  Myra. 

A 

Doane,  George  Washington. 

D 

De  Noi*niandle,  Robert  Laurent. 

D 

Doane,  Harriet  M. 

B 

Depew,  William  Robertson. 

A 

Doble,  Ernest  Edgar. 

B 

Derby,  Emma  Angeline. 

D 

Dobson,  Clarence  Henry. 

D 

Derby,  George  Strong. 

D 

Dodd,  Isaac  Spencer  Finney. 

A 

Derby,  Haskct: 

D 

Dodge,  Arthur  Malcolm. 

A 

Derby,  William  Parsons. 

A 

Dodge,  Fred  Wilder. 

D 

De  Robertis,  Antonio. 

A 

Dodge,  William  Wooldredge. 

A 

Deroin,  Franciti  Xavier. 

A 

Doggett,  Frederick  Fobes. 

D 

Derrick,  George  William. 

A 

Doherty,  Charles. 

D 

Derrick,  Joseph  Stephen. 

D 

Doherty,  Helen  Isabel. 

D 

Dervln,  Laurence  James. 

A 

Dolan,  William  Andrew. 

A 

Dervin,  Peter  John. 

D 

Dolan,  William  Edward. 

B 

Desmarais,  Joseph. 

E 

Dole,  CharleM  Frederick. 

A 

Desmario,  Joseph  Henry. 

A 

Dole,  Mary  Phylinda. 

B 

Desmond.  Clarence  Francis. 

A 

Dolloir,  Albert  Simeon. 

A 

Desnoyers,  Dontagne. 

D 

DoUofr,  Charles  Hale. 

D 

Desrochers,  Alfred. 

A 

Doloff,  Eugene  Malcolm. 

D 

DesRoslers,  D^Mir^. 

D 

Donahue,  ]<>ancls  William. 

A 

Desroalers,  Louis  Amedie. 

A 

Donahue,  Hugh. 

A 

D68y,  Gustiive. 

D 

Donahue,  William  Francis. 

D 

DeylUi,  Peter  Clarke. 

D 

Donaldson,  Frederick  August. 

D 

Deyenny,  Joseph  Henry. 

D 

Donaldson,  James  Frank. 

A 

Dever,  Charles  Edward. 

D 

Donlan,  Charles  Edwin. 

D 

Devere,  Arthur  Clarence. 

D 

Donlan,  John  Malachl. 

D 

Devere,  Fred  HcAvltt. 

D 

Donnell,  Rufus  Edwin. 

A 

Devereaux,  Jane  Smith. 

D 

Donnelly,  Augustine  John. 

A 

Devine,  William  Henry. 

D 

Donnelly,  Harry  Albert. 

A 

Dewey,  Charles  Gipson. 

D 

Donnelly,  James  Harvey. 

A 

Dewls.  John  William. 

A 

Donnelly,  John  Bernard. 

A 

Dewolf,  Edward  Gardner. 

E 

Donner,  John  Albert. 
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D 

DoDoghue,  Daniel  Franclfi. 

A 

Dresser,  George. 

A 

Donoghue,  Francis  Dennis. 

D 

Drew,  Charles  Aaron. 

D 

Donoghue,  James  Crowley. 

B 

Drew,  Frances  Harriet. 

D 

Donoghae,  John  Joseph. 

A 

Drew,  Frank  Haynes. 

E 

Donohue,  George. 

A 

Drew,  Frederick. 

A 

Donovan,  Benedict. 

D 

Drew,  Frederick  Prescott. 

D 

Donovan,  John  Joseph. 

A 

Drew,  Maria  Emma. 

D 

Donovan,  Timothy  Stephen. 

A 

Driscoll,  Thomas  Daniel. 

C 

Donovan,  Mlciiael  Iticard. 

A 

Driver,  Stephen  William. 

D 

Donovan,  Sylvester  Edward. 

E 

Drohan,  James  Henry. 

D 

Doray,  Frank  Leslie. 

D 

Dronin,  Wilfrid  George. 

A 

Dorcey,  James  Edmund. 

A 

Drown,  Edward  Pay  son. 

B 

Dore,  Francis  James. 

A 

Drummey,  Nicholas  Daniel. 

D 

Dorgan,  Joseph  Aloyslns. 

E 

Drummond,  Edward  Augustine. 

D 

Dorion,  Jean  Baptlste  Theophile. 

A 

Drummond,  Juan  Fernandez 

A 

Dorion,  Louis  Philippe  Adtflard. 

Bennett. 

C 

Dorman,  Albert  Rames. 

D 

Drury,  Dana  Warren. 

A 

Dorman,  Daniel  Webster. 

D 

Dreyfus,  Edna  Helen  Weil. 

A 

Dorr,  Charles  Alonzo. 

D 

DubOls,  Eollne  Beatrice  Church. 

B 

Dort,  Elizabeth. 

D 

Duckerlng,  Florence  West. 

A 

Dorval,  Tancr^de  Cesaire. 

D 

Duckerlng,  William  West. 

D 

Doten,  Arthur  Chapman. 

D 

Duclos,  Aram  Esrom. 

D 

Doucett,  Frederick  Luke. 

C 

Dudley,  Augustus  WHliam. 

A 

Douglas,  Charles  Joseph. 

£ 

Dudley,  Charles. 

A 

Douglass,  John  Abbott. 

A 

Dudley,  Henry  Watson. 

D 

Dow,  David  Crooker. 

A 

Dudley-Clupp,  Susan  Ida. 

A 

Dow,  Edmund  Scott. 

A 

Duff,  John. 

D 

Dow,  George  Farwell. 

D 

Duffee,  Thomas  Edward. 

A 

Dow,  George  William. 

A 

Duggan,  John  Joseph. 

A 

Dow,  James  Arthur. 

A 

Duggan,  John  Thomas. 

D 

Dowd,  Edward  Francis. 

D 

Duhaime,  Gandiose  Lemaltre. 

D 

Dowd,  Michael  Joseph. 

A 

Duhamel,  Oliva  Gilbert. 

C 

Dowling,  John  Joseph. 

1^ 

Du  Mont,  Henry. 

A 

Downey,  Charles  John. 

A 

Dunbar,  Frank  Collins. 

D 

Downey,  Fred  Clifton. 

D 

Dunbar,  Frank  Herbert. 

D 

Downey,  Henry  Arthur. 

A 

Dunbar,  Franklin  Asaph. 

D 

Downey,  William  Henry. 

B 

Duncan,  Florence  Josephine. 

B 

Downing,  Bertha  Carol. 

D 

Dunham,  Frank  Lee. 

D 

Downing,  Charles  Harland. 

A 

Dunham,  George  Perry. 

D 

Downing,  Dana  Fletcher. 

A 

Dunham,  Henry  Bristol. 

D 

Downing,  Franklin  Chace. 

D 

Dunham,  Whltefield  Otis. 

A 

Downs,  Harry  Ash  ton. 

A 

Dunlap,  Charles  Bates. 

A 

Doy,  Wilberforce  Clarksou. 

D 

Dunn,  Charles  Hunter. 

A 

Doyle,  Daniel  Patrick. 

C 

Dunn,  Charles  Stein. 

D 

Doyle,  Francis  Henry. 

A 

Dunn,  Jennie  Sophia. 

D 

Doyle,  John  Henry. 

C 

Dunn,  William  Aloysius. 

A 

Drake,  Aruthena  Blanca. 

A 

Dunn,  William  Ambrose. 

E 

Drake,  Arthur  Knowlton. 

A 

Dunne,  Alexander  John. 

D 

Drake,  Dean  Spencer. 

A 

Dunning,  William  Meddaugh. 

A 

Drake,  Norman  Lucca. 

B 

Dunphy,  John. 

D 

Drake,  Olin  Milton. 

B 

Dunsmoor,  Harrle  Victor. 

E 

Drake,  Percy  Greenough. 

A 

Dupont,  Flavien. 

D 

Drake,  Richard  Alvin. 

B 

Duquet,  Phllorome. 

A 

Drake,  William  Abram. 

A 

Durant,  Charles  Edwin. 

D 

Dranga,  Amelia  Augenia. 

A 

Durell,  Thomas  Moulton. 

D 

Draper,  Alexis  Lumb. 

D 

Durgin,  Edward  Chase. 

D 

Draper,  Arthur  Derby. 

A 

Durgin,  Samuel  Holmes. 

D 

Draper,  Charles  Ransom. 

D 

Duming,  Charles  Francis. 

A 

Draper,  Frank  Eugene. 

A 

Dutton,  Charles. 

A 

Draper,  Frank  Wiuthrop. 

A 

Dutton,  (ieorge. 

• 
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D 

Dation,  Julius  Maltby. 

D 

Egan,  Edward  Wlnfleld. 

D 

Dutton,  Richard. 

C 

Bgan,  John  Joseph. 

C 

Dutton,  Samuel  Lane. 

B 

Bgan,  Sebra  Temple. 

A 

Dutra,  Emmanuel  Christian. 

D 

Egbert,  Jay  Hobart. 

C 

Dutra,  Joseph. 

C 

Egland,  Christopher. 

D 

Dutrlzac,  Joseph  OTld. 

£ 

Ehrenfried,  Albert. 

D 

Dural,  Joslas  Louis. 

D 

Ehrich,  William  Seigman. 

A 

Duxbury,  Joseph  Edward. 

A 

Ebrlich,  Henry. 

A 

Dwelly,  Jerome. 

D 

Bidam,  Carl  Hermann. 

A 

Dwight,  Edwin  Weller. 

A 

Ela,  Paul  Francis. 

D 

D wight,  Henry  Leonard. 

A 

Ela,  Walter. 

A 

Dwight,  Thomas. 

D 

Elcock,  Harry  Alfred. 

A 

Dwlnell,  Byron  Lee. 

B 

Elderen,  John  Van. 

D 

Dwlnell,  William  Grout. 

B 

Eldridge,  Benjamin  Davis. 

A 

Dwyer,  John  Edward. 

A 

Eldridge,  David  Gorham. 

D 

Dyer,  Charles  Lathrope. 

D 

Eldridge.  Harvey  Loud. 

D 

Dyer,  Bbcnezer  Alden. 

A 

Eldridge,  Jerrie  Allen. 

D 

Dyer,  Ernest  Arey. 

D 

Eliot,  Henry  Whitney. 

D 

Dyer,  Florence  May.  • 

D 

Ellam,  Herbert  WUliam. 

B 

Dyer,  Fi-ank  Pierce. 

D 

Elliot,  Henry  Libby. 

B 

Dyer,  Willard  Knowlton. 

A 

Elliot,  John  Wheelock. 

D 

Dyer,  William  Henry. 

D 

Elliot,  Sidney  Barrington. 

D 

Eames,  Frederick  Henry. 

D 

Elliott,  Alfred. 

A 

Eames,  George  Franklin. 

A 

Elliott,  James  Prescott. 

A 

Earl,  George  Henry. 

B 

Elliott,  James  William. 

A 

Earle.  William  Alva. 

D 

Elliott,  Richard  Andrew. 

D 

Early,  William  Wallace. 

A 

Elliott.  Russell  Ikinson. 

D 

Eastman,  Albert  Clinton. 

A 

Bills,  Charles  Curtis. 

D 

Eastman,  Alexander  Crane. 

A 

Ellis,  Dean  Samuel. 

A 

Eastman,  Charles  Albert. 

A 

Ellis,  Edward  Harvey. 

A 

Eastman,  Charleei  Albert. 

D 

Ellis,  Edward  Keith. 

I) 

Easton,  Charles  Daniel. 

A 

Bills,  Frederick  Warren. 

B 

Eastman,  Mary  Koena.            • 

A 

Ellis,  George  Livingston. 

D 

Easton,  El  wood  Tracy. 

D 

Ellis,  Robert  Hale. 

A 

Eaton,  John  Marshall. 

E 

Ellis,  Sidney  Allan. 

A 

Eaton,  LiUey. 

D 

Ellis,  William  Raymond. 

D 

Eaton,  Richard  Gardner. 

A 

Ellison,  George  Washington. 

A 

Eaton,  Samuel  Lewis. 

D 

Ellsworth,  Samuel  Walker. 

A 

Eaton,  William  Winslow. 

A 

Ellsworth,  Victor  Albert. 

A 

Baton,  Wylliu  Gilbert. 

D 

Elmerc,  John  Alfred. 

A 

Ebann,  Charles  Dcletang. 

D 

Ely,  Richard  Skinner. 

D 

Ebbs,  Bertha  Evelyn. 

D 

Emerson,  Benjamin  Kendall,  Jr. 

B 

Eckstein,  Caroline  Katherlne. 

A 

Emerson,  Charles  Sumner. 

A 

Eddy,  George  Stetson. 

D 

Emerson,  Ernest  Benjamin. 

A 

Eddy,  Hiram  McCrery. 

A 

Emerson,  Francis  Patten. 

A 

Eddy,  Richard  Henry. 

A 

Emerson,  Frederick  Lincoln. 

A 

Edes,  Robert  Thaxter. 

D 

Emerson,  George  Edward. 

A 

Edgar,  William  lAdell. 

D 

Emerson,  George  Short. 

A 

Edgerly,  Jonathan  Frank. 

A 

Emerson,  George  Washington. 

D 

Edmands,  Idclle  Lydia. 

A 

Emerson,  Herbert  Clark. 

A 

Edmonds,  Louis. 

A 

Emerson,  Nathaniel  Waldo. 

A 

Edson,  Carroll  Everett. 

D 

Emerson,  Robert  Leonard. 

I) 

Edson,  John  Traccy. 

D 

Emerson,  William  Roble  Patten. 

A 

Edfion,  Ptolomy  O'Meara. 

D 

Emery,  George  Edwin. 

D 

Edwards,  Arthur  Frank. 

D 

Emery,  Harry  Smith. 

D 

Edwards,  Franklin  Wallace. 

B 

Emery,  Robert  Dudley. 

D 

Edwards,  Mcrton  John. 

E 

Emery,  William  Campbell. 

A 

Edwards,  Thomas  Alvin. 

A 

Emery,  William  Henry. 

A 

Edwards,  William  Lothrop. 

A 

Emery,  Wlnf red  Newell. 

D 

Eells,  Joseph  Oliver. 

D 

Emmons,  Arthur  Brewster. 
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D 

BmmoDs,  Henry  Manning. 

D 

Farquhar,  William  Abercromby 

D 

Bnebnske,  ClaSs  JuUas. 

Gordon. 

I) 

England,  Albert  Charles. 

A 

Farr,  Edwin  Lawson. 

A 

En 8 worth,  William  Howard. 

D 

Farrell,  George  Louis. 

A 

Sntin,  Gllel. 

C 

Farrlngton,  Annie  Louise. 

C 

Erb,  Theodore  Charles. 

A 

Farrlngton,  I^ander  Moiton. 

£ 

Erlckson,  Anna  Maria. 

A 

Farwell,  (George  Da  via. 

£ 

Erlcson,  EricA. 

E 

Fas^ett,  Fred  Julius. 

A 

Sraientrout,  Sallle  Justlnla. 

A 

Faulkner,  Henry  Clay. 

A 

Ernet,  Harold  Clarence. 

D 

Faulkner,  WMUlam  Edward. 

I) 

'Ervlng,  William  Gage. 

D 

Fauncp,  Calvin  Barstow,  Jr. 

D 

Eskelln,  Karollna  Sldonla. 

A 

Faunce,  Kobert  Harris. 

D 

Estabrook,  Charles  Taylor. 

D 

Favour,  Richmond,  Jr. 

D 

Bates,  Florella. 

D 

Fawcett,  Deborah. 

D 

Etlenne,  Arthur  Octave,  Jr. 

A 

Faxon,  Eudora  Meade. 

E 

BTans,  Albeit. 

D 

Faxon,  Eudora  Winifred. 

B 

Evans,  David. 

E 

Faxon,  Nathaniel  Wales. 

D 

Evans,  John  William. 

C 

Faxon,  William  Lyman. 

D 

Evans,  Joseph  Harold. 

A 

Faxon,  William  Otis. 

D 

Evans,  Miner  Harlow  Amos, 

D 

Fay,  Charlotte  Hooker. 

Jr. 

A 

Fay,  Frank  (i^leason. 

D 

Eveleth,  Charles  Wonson. 

A 

Fay,  James  Monroe. 

A 

Bvcleth,  Edward  Smith. 

D 

Fay,  Joseph  Henry. 

D 

Eveleth,  Fred  Shaller. 

A 

Fay,  William  Enstraan. 

£ 

Everett,  Eugene  Ellsworth. 

D 

Fearl,  Fred  Henry. 

1) 

Everett,  Frederick. 

E 

Fearney,  Frank  Albert. 

A 

Everett,  Horace  Stan  wood. 

D 

Fecteau,  Adelard. 

A 

Everett,  James  Bradley. 

E 

Feeley,  Charles  Philip. 

A 

Everett,  Oliver  Austin. 

D 

Feindel,  Joseph  Creighton. 

A 

Everett,  Oliver  Hurd. 

B 

Fellows,  (leorge  Robert. 

A 

Everett.  Wlllard  shepard. 

D 

Fenelon,  Katherlne  Agnes. 

D 

Bverhard,  Elcanora  S. 

D 

Fennessey,  John  Francis. 

C 

Ewald,  Carl  Adolph. 

D 

Fenwlck,  George  Benson. 

D 

Ewlng,  Edward  Hilts. 

A 

Fenwick,  Joseph  Benson. 

D 

Swing,  George  Wlnbum. 

A 

Ferguson,  Arthur  Bixby. 

D 

Fagan,  George  Augustus. 

A 

Ferguson,  Charles  John. 

A 

Fagnant,  Benjamin. 

D 

Ferguson,  Creighton. 

A 

Fahey,  James  Charles. 

B 

Ferguson,  Edward  Hugh. 

D 

Fair,  John  Francis. 

A 

Ferguson,  Hugh.  . 

D 

Fair,  Robert  Patrick. 

D 

Ferguson,  Robert. 

A 

Fairbanks,  Arthur  Wlltard. 

D 

Ferguson,  Robert  Henry. 

A 

Falrchlld,  Courtland  de  Nor- 

A 

Ferland,  Joseph  Severln  Brnest. 

man  die. 

A 

Fernald,  Charles  Augustus. 

D 

Fairhur^t,  O'Connell. 

D 

Femald,  Guy  Goodwin. 

D 

Fairing,  John  Walker. 

0 

Fernald,  Herbert  El  wood. 

D 

Fales,  Alonzo  Cartland. 

A 

Fernald,  Otis. 

D 

Falkenbury,  Arthur  Ezra. 

A 

Fernald,  Walter  Elmore, 

A 

Fallon,  Michael  Francis. 

A 

Ferrari,  Francesco  Edoardo. 

D 

Falvey,  Humphrey  John. 

D 

Ferrln,  William  W^arren. 

D 

Farla,  Jofto  Baptlsta  de. 

D 

Ferris,  Phoebe  Annie. 

A 

Farley,  William  Chase. 

A 

Ferry,  James  Francis. 

A 

Farlow,  John  Woodford. 

A 

Fesler,  Frank  Joy. 

D 

Fanner,  Frank  Emerson. 

A 

Fessenden,  Charles  Hill. 

A 

Famham,  Charles  Chittenden. 

A 

Fcssenden,  George  Russell. 

A 

Famham,  Edwin. 

A 

Fessenden,  Joseph  Palmer. 

A 

Famham,  Mary  Eudora. 

A 

Fewell,  Samuel  Jackson. 

C 

Famham,  John  Marshall  Wil- 

A 

Fick,  Hermann  Andrew. 

loughby. 

D 

Fickett,  Jerome  Perley. 

B 

Farasworth,  Sarah  Elizabeth. 

A 

Field,  Charles  Elmer. 

D 

Famum,  Mary  Louise  Rolfe. 

D 

Field,  Harvey  Adams. 
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D 

Field,  Henry  Marty n. 

A 

Fletcher,  Samuel  William. 

A 

Field,  James  Brainerd. 

A 

Fletcher,  WUliam  KeUy. 

D 

Field,  Martin  Thomas. 

D 

Flett,  Penelope  McNaughton. 

A 

Field,  Phinehas  Peck. 

D 

Fleming,  Bdwin  Rahn. 

A 

Field,  Susan  Uammond. 

D 

Fleming,  Margaret  Amanda. 

A 

ISillebrown,  Charles  Dalton. 

D 

Fleming,  Patrick  Joseph. 

A 

FlUebrown,  Thomas. 

D 

Fleming,  Peter  Joseph. 

D 

Finch,  Edward  Bronson. 

D 

Flemmlng,  Anthony. 

D 

nnch,  George  Hardy. 

A 

Flewelling,  Douglas  Scovil. 

D 

Finkelsteln,  Haixy. 

A 

Flinn,  Matthew  Bonner. 

A 

Finn,  Bdward  William. 

A 

Flint,  Charles  Cookeman. 

A 

Finn,  James  Anthony. 

B 

Flint,  Edward  Rawson. 

D 

Finnegan,  Daniel  Joseph. 

A 

Flint,  Omar  Alpha. 

A 

Flnnegan,  Patrick  Joseph. 

A 

Flood,  Everett. 

D 

Flschbein,  Louis. 

D 

Flood,  Thomas  Wilfred. 

D 

Fish,  Brneet  Clifford. 

A 

Flower,  Alfred  Hollis. 

D 

Fish,  Lonls. 

A 

Flower,  Richard  Charles. 

A 

Fish,  Kalpb  Charles. 

B 

Flynn,  Henry  Lawrence. 

A 

Fisher,  Edgar  Alexander. 

E 

Flynn,  John  Edward  Leo. 

D 

Fisher,  Irving  Jewell. 

A 

Flynn,  John  Joseph. 

D 

Fisher,  James  Tucker. 

D 

Flynn,  John  Joseph. 

A 

Fisher,  Theodore  Willis. 

A 

Fogerty,  Williams  Clemmons. 

D 

Fishman,  Abraham  Pincos. 

A 

Fdgg,  Irving  Sylvester. 

A 

Fisk,  Charles  Lee,  Jr. 

D 

Fogg,  Walter  Augustus. 

D 

Fisk,  Samuel  Augustas. 

A 

Foley,  Timothy  John. 

A 

Fisk,  William  WUlard. 

A 

Foley,  Walter  James  Paul. 

A 

Fiske,  Eustace  Lincoln. 

A 

Follett,  Am  mi  Ward. 

D 

Fiske,  Harlo  Adoniram. 

A 

FoUett,  John  Atwood. 

A 

l^ltch,  Edward  Doolittle. 

D 

Floyd,  Cleaveland. 

D 

Fitch,  Ralph  Boswell. 

A 

Folsom,  Charles  Follen. 

D 

Fitts,  Alston. 

A 

Fontaine,  Marc. 

A 

Fitz,  George  Wells. 

C 

Fontaine,  Henri  Tbeophile. 

D 

Fitz,  Mary  Isabella  Montgomery. 

A 

Forbes,  Charles  Holt. 

A 

Fitz,  Reginald  Ileber. 

E 

Forbes,  Edwin  Bannister. 

D 

Fitzgerald,  Charles  Francis. 

A 

Forbes,  George  Foster. 

D 

Fitzgerald,  Clara  Pauline. 

A 

Forbes,  Henry  Gordon. 

A 

Fitzgerald,  James  Bernard. 

A 

Forbush,  Albert  Waldo. 

D 

Fitzgerald,  John  Joseph. 

B 

Ford,  Daniel  Frank. 

D 

Fitzgerald,  Maurice  Edward,  Jr. 

A 

Ford,  John  Francis. 

D 

Fitzgerald,  Thomas  Patrick. 

D 

Ford,  Michael  Angelo. 

D 

Fitzgerald,  Vance  Lee. 

B 

Forrest,  Josephine  Winifred. 

D 

Fltzgibbon,  Edwin  James. 

D 

Forster,  Robert  William. 

A 

Fitz-Ilugh,  John  Alexander. 

A 

Fortin,  Julian  Elztor. 

D 

Fitzpatrick,  John  Joseph. 

D 

Fosgate,  Elmer  Gilman. 

A 

Fitzslmmons,  Philip  Mansfield. 

D 

FoBkett,  Eben. 

A 

Flagg,  Alpheus  Dexter  Smith. 

A 

Foskett,  George  Mason. 

A 

Flagg,  Edwin  Barber. 

B 

Foss,  Alvin  Warren. 

D 

Flagg,  Elisha. 

A 

Foss,  David. 

C 

Flagg,  Franklin  Parkinson. 

A 

Foss,  John  William. 

B 

Flagg,  Jonathan. 

B 

Foss,  Percy  Harold. 

A 

Flagg,  Pay  son  Jonathan. 

A 

Foss,  Warren  Sartwell. 

D 

Flanagan,  Peter  Joseph. 

A 

Foster,  Charles  Chauncy. 

D 

Flanders,  Alton  Leroy. 

D 

Foster,  Clarendon  Atwood. 

A 

Flanders,  Frank  Byron. 

A 

Foster,  Edwin  Scott. 

D 

Flanders,  Walter  Hubert. 

B 

Foster,  Ellis  Edwin. 

A 

Fleet,  William  Earnest. 

A 

Foster,  Frank  Albert. 

D 

Fletcher,  Robert  Swan. 

E 

Foster,  Frank  Brooks. 

A 

Fletcher,  Robert  Whitney. 

D 

Foster,  George  Benjamin. 

A 

Fletcher,  Rosa. 

A 

Foster,  George  Emory. 

A 

Fletcher,  Samuel  Ernest. 

A 

Foster,  Horace  Kendall. 
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A  Foster,  James  Milton. 

A  Foster,  James  Richards. 

D  Foster,  Louis  Everett. 

D  Foster,  Matthias  Lanckton. 

E  Foster,  William  Au^stas. 

D  Foster,  Winifred  Smith. 

D  Fountain,  Oliver  Reynolds. 

A  Fonntalne,  Felix  Dydlme. 

D  Foumler,  Arthur. 

C  Fourtih,     Edmund     Randolph 

Peaslee. 

A  Fox,  William  Tale. 

A  Foye,  Charles  Frederick. 

A  Frame,  Joseph. 

S  France,  Rowe. 

C  Francis,  Adeline  Eliza. 

A  Francis,  Carleton  Shurtleff. 

A  Francis,  George  Bbenezer. 

A  Francis,  George  Hills. 

A  Francis,  Tappan  Eustls. 

A  Francois,  Edward  Albert  Louis. 

A  FranfagllH,  Gabri^le. 

D  Frankel,  Charles  Louis. 

B  Franks,  Baron. 

A  Franz,  Adolph. 

E  Fraser,  Agnes. 

A  Fraser,  Donald  Allan. 

A  Fraser,  John  Chisholm. 

D  Fraser,  Frederic  Lawson. 

D  Fraser,  Margaret  Ethel  Victoria. 

D  Fraser,  Roderick. 

D  Fraser,  William  Leslie. 

B  Fraster,  Joseph  Anthony. 

B  Frechette,  Clement. 

B  F^edman,  Louis  Mark. 

A  Freeman,  Franklin  Wlllard. 

A  Freeman,  Frederick  Augustus. 

D  Freeman,  George  Franklin. 

A  Freeman,  Russell  Ballon. 

A  Freeman,  Simon  Augustus. 

A  French,  Alfred  Joseph. 

A  French,  Charles  Austin. 

A  French,  Charles  Ephraim. 

A  French,  Charles  Henry. 

A  French,  Charles  Lindol. 

A  French,  Charles  Peaslee. 

D  French,  Edward  Henry. 

A  French,  George  Henry. 

D  French,  John  Innes. 

A  French,  John  Marshall. 

E  French,  Towneley  Thomdike. 

D  French,  Warren  Kllbum. 

A  French,  Wlnslow  Burrell. 

D  Friedman,  Leo  Victor. 

B  Frietas,  Jos^  Carlos  de. 

B  Frink,  Charles  Tatman. 

D  Fiink,  Claude  Augustine. 

D  Frink,  I^wis  James. 

A  Frlsbie,  Jesse  Franklin. 

A  Frissell,  Edward  Merle. 


A  Frizzell,  Seraph. 

B  Frost,  Charles  Chauncy. 

A  Frost,  Edward  Clayton. 

D  Frost,  Flora  Eva. 

D  Frost,  Horace  Bird. 

D  Frost,  Samuel  Kapp. 

A  Frost,  Woodbury  George. 

D  Frothingham,  Charles  Benjamin. 

A  Frothingham,  James  Edward. 

D  Frumson,  l^zarus. 

A  Fry,  Charles  Wilson. 

A  Frye,  Charles  Marshall. 

A  Frye,  Edmund  Bailey. 

A  Fryer,  Wineon  Famum. 

B  Fuller,  Amos  Warren. 

D  Fuller,  Charles  Benjamin. 

A  Fuller,  Daniel  Hunt. 

D  Fuller,  Elmer  Ellsworth. 

D  Fuller,  Ernest  Page. 

D  Fuller,  Etheridge  Ide. 

D  Fuller,  Frank  Boutelle. 

A  Fuller,  Frederick  Henry. 

B  Fuller,  George  Albion. 

A  Fuller,  George  Ephraim. 

A  Fuller,  James  Robert. 

D  Fuller,  Solomon  Carter. 

B  Fuller,  Walter  Tracy. 

D  FuUerton,  Walter  Wilson. 

D  Fulton,  George  Herbert. 

D  Furniss,  Maud  Granger. 

B  Furrer,  Arnold  Froteham. 

A  Fyfe,  Thomas  Tass. 

D  Gabler,  George  Lewis,  Jr. 

D  Gaboury,  Henri  Tancrede. 

A  Gaertner,  Alexander. 

D  Qaffbey,  James  Francis. 

A  Gaffney,  John  Patrick. 

A  Gaffney,  Henry  Joseph. 

D  Gafney,  Harry  Dabol. 

A  Gage,  Edward  Franklin. 

A  Gage,  Homer. 

A  Gage,  James  Arthur. 

A  Gage,  Thomas  Hovey. 

D  Gageby,  Lenore  Hamilton. 

A  Gaggioli,  Girolamo. 

A  Gahan,  Edward  William. 

D  baban,  Myles  Joseph. 

D  Gahan,  Patrick  Francis. 

D  Gaidzakyan,  Ohan. 

D  Gaillardet,  Philippe. 

B  Galbcnewctz,  Benjamin  Goth. 

A  Gale,  George  Washington. 

D  Gale,  Harold  Adams. 

B  Gallagher,  James  Thomas. 

D  Gallagher,  John  Henry. 

D  Gallagher,  John  Vincent. 

D  Gallagher,  Thomas  Morton. 

D  Gallagher,  William  Howard. 

D  Gallant,  Isidore. 

A  Galligan,  Edward  Francis. 
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D  (ialWgan,  Edward  Joseph. 

C  Galligan,  Eugene  Thomas. 

A  Gallison,  Ambrose  John. 

A  Gallison,  Henry  Ilammond. 

A  Gallivan,  William  Joseph. 

A  Galloupe,  Benjamin  Franklin. 

A  Galloupe,  Charles  William. 

A  Galloupe,  Isaac  Francis. 

D  Galvin,  A  ugustus  Hughes. 

A  Galvin,  George  William. 

A  Galvin.WMUlam. 

B  Gammell,  Samuel. 

A  Gannett.  W^illlam  Whitworth. 

A  (yannon,  Annie  Margaret. 

B  Gannon,  Anna  Maria. 

A  Garceau,  Edgar. 

A  Gardiner,  Perley  Forest. 

D  Gardner,  Archibald  Kobert. 

D  Gardner,  Charles  W^esley. 

A  Gardner,  Clarence  Rhodolphus. 

D  Gardner,  David  Moulton. 

A  Gardner,  Edward  Everett. 

A  Gardner,  Frank  Augustine. 

A  Gardner,  George  Henry. 

D  Gardner,  Harry  Milton. 

A  Gardner,  William  Wallace. 

A  Garey,  Charles  Wendell. 

1^  Garfield,  John. 

A  Garlepy,  Joseph  CamiUe. 

A  Garland,  Albert  Stone. 

D  Garland,  Comeliua  Nathaniel. 

D  Garland,  Frederick  Eugene. 

D  Garland,  George  ?Yanklin. 

A  Garland,  George  Ml  not. 

A  Garland,  Guy  W. 

A  Garland,  Joseph  Everett. 

D  Garland,  Koy. 

A  Garroon,  John  O^car. 

A  Garneau,  Joseph  Pierre  Alphonse. 

D  Garrett,  Frank  Steele. 

A  Garrigan,  Thomas  James. 

A  Gary,  Clara  Emerette. 

I)  Gary,  William  Henry  Harrison. 

D  Gatchell,  David  Harris. 

D  Gates,  Ernest  A. 

D  Gates,     George    Cushman     Cole- 
man. 

A  Gates,  George  Wellesley. 

D  Gates,  James  Moseley. 

B  Ganthler,  Franklin. 

A  Gavin,  George  Freebcm. 

A  Gavin,  John  Hanisou. 

E  Gavin,  Joseph  Leo. 

A  Gavin,  Michael  Freebern. 

A  Gavin,  Patrick  Freebern. 

A  Gay,  Almon  De  Bols. 

A  Gay,  Arthur  Park.  . 

D  Gay,  Clarence  Bertram. 

D  Gay,  Fritz  Walter. 

A  Gay,  George  Washington. 
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D 
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Gay,  Ellen  Angeline  Kidder  Hutch- 
inson. 
Gay,  Herbert  Seymoar. 
Gay,  Mary  Cochran. 
Gay,  W^arren  Fisher. 
Gay,  WiUiam  Frederick. 
-Gay,  William  Madison. 
Gaylord,  John  Flavel. 
Gaylord,  William  Avery. 
Geddes,  Peter  Spearce  Walker. 
Gehring,  Norman  John. 
Gelineau,  Charles  William. 
Gelineau,  Ovila  Clement. 
Gendron,  Joseph  Alexander. 
Gendron,  Joseph  Etienne. 
Generalls,  Demosthenes  John. 
Oenereux,  Joseph  Albirie. 
Genereux,  Joseph  Oliver. 
George,  Arthur  Phillips. 
George,  Frank  William. 
George,  Oscar  Fowler. 
Germain,  Harry  Homer. 
Gerould,  Joseph  Bowdifech. 
Gerry,  Edwin  Peabody. 
Gersteln,  Morris. 
Gerin-Lajoie,  Mederic  Thomas. 
Gertz,  William  Henry. 
Gervais,  Emery. 
Getchell,  Albert  Colby. 
Oetchell,  Stiliman  Perry. 
Gettings,  Thomas  Lawrence. 
Gibbons,  Lister. 
Gibbons,  Sherwin. 
Gibbs,  Howard  Augustine. 
Gibbs,  Joseph  Addison. 
Gibbs,  Linnaeus  Victor. 
Gibbs,  Lucero  Jackson. 
Gibbs,  Samuel  Whelpley. 
Gibbs,  Susan  Burley  Harris. 
Gibby,  Isabel  Parker. 
Giblln,  Frank  Joseph. 
Gibson,  Arthur  Allen. 
Gibson,  Elwyn  Deloss. 
Gibson,  Robert  Francis. 
Gidman,  Bramwell  Carvosso. 
Glfford,  Benjamin  Dods. 
Gifford,  Fred  Hooker. 
Glfford,  John  Henry. 
Gifford,  Nathaniel  Howland. 
Gignere,  Joseph. 
Gilbert,  Aurelia  Eliza. 
Gilbert,  Daniel  Dudley. 
Gilbert,  Frank  Leslie. 
Gilbert,  John. 
Gilbert,  Louis  Whltmore. 
Gilchrist,  Charles  Robert. 
Gildee,  James  Bennett. 
Gile,  John  Martin. 
Gil f ether,  Frank  Emmet. 
Gilflllan,  Donald  Kobert. 
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C  Gllflllan,  Tliomas. 

D  Gill,  Mary  Eva. 

D  Gillard,  Arthur  Ernest. 

A  Gillespie,  John. 

D  Gillette,  Claudius  Wesley. 

D  GllllDgbam,  Horace  Porter. 

D  Glllls,  Andrew  Colin. 

A  Gllman,  Eugene  Albert. 

D  Oilman,  Frank  Madison. 

A  GUman,  Warren  Randall. 

D  Gilmartlo,  Albert  Edward. 

C  Glnn,  David  Richards. 

B  Oirard,  Leopold  Adolphe. 

D  Girdner,  John  Harvey. 

A  Glrouard,  Simeon  Joseph. 

D  Glrouard,  Joseph  Arthur. 

D  Glroux,  Charles. 

A  Glroux,  Joseph  Raymond. 

D  Glurukes,  Athanaslo. 

A  Glancy,  Charles  Augustine. 

B  Glancy,  William  Carte  Mlnnette. 

D  Glass,  James. 

A  Glazier,  Frederick  Prentiss. 

D  Gleaf^on,  Benjamin  Whitney. 

A  Gleason,  Charles  Sherman. 

D  Gleason,  Edward  Francis. 

A  Gleason,  Edwin  Putnam. 

E  Gleason,  George  Hathaway. 

A  Gleason,  Mardls  Edward. 

D  Gleason,  Willis  Webster. 

A  Glendennlng,  Roliert  Thompson. 

A  Glennon,  Michael. 

B  Glldden,  Howard  Kenneth. 

A  Gobron,  Louis  Constant. 

D  Goddard,  Abigail  Elma. 

D  Goddard,  Henry  Edward. 

A  Goddard,  Joslah  Hamilton. 

D  Goddard,  Samuel  Warren. 

A  Godfrey,  Joseph  Witter. 

D  Godfrey,  Thomas  Francis. 

A  Godln,  Joseph. 

E  Golden,  Lazarus. 

A  Golden,  Michael  Charles. 

A  Goldthwait,  Joel  Ernest. 

A  Goldthwalte,  Seth  Vale. 

D  Good,  Frederick  Leo. 

A  Goodale,  George  Lincoln. 

A  Goodale,  Joseph  Lincoln. 

D  Goodall,  Ellis  Leon. 

D  Goodall,  Harry  Winfred. 

D  Goodall,  Henry  Skinner. 

A  Goodell,  (>eorge  Zina. 

D  Goodenow,  Daniel. 

A  Gooding,  Emma  Jeanette. 

A  Goodman,  Nathan  Mark. 

A  Goodman,  Samuel. 

D  Good  ridge,  Frederick  James. 

A  Goodspeed,  Helen  Amanda. 

A  Goodwin,  Charles  Otis. 

D  Goodwin,  Edward  Everett. 


D  Goodwin,  Elmer  Ellsworth. 

A  Goodwin,  George  Ervlng. 

D  Goodwin,  Harold  Carl. 

A  Goodwin,  James  Joseph. 

A  Goodwin,  Richard  James  Plumer. 

A  Goodwin,  Tlrzah  Eveline. 

A  Goodwin,  Wilford  Watson. 

A  Goray,  James  Philip. 

A  Gordon,  John  Alexander. 

A  Gordon,  Miles  Remond.    * 

C  Gordon,  Stephen  Masury. 

A  Gorham,  Frederic  Croawcll. 

D  Gorham,  George  Hartley. 

D  Gorman,  John  William. 

D  Gormly,  Harry  Hemming. 

A  Gorshel,  Richard. 

A  Goss,  Arthur  Vincent. 

A  Goss,  Francis  Webster. 

A  Gottschalk,  William  von. 

D  Goyer,  Joseph  Rodolphe. 

D  Gould,  Alfred  Henry. 

A  Gould,  Charles  Asahel. 

A  Gould,  Clarke  Storer. 

D  Gould,  Chester  Harlow. 

B  Gould,  Forrest  Burton. 

A  Gould,  Frank  Morlah. 

D  Gonldlng,  Timothy  Francis. 

D  Grace,  Ralph. 

E  Grady,  Eliza. 

E  Grady,  Henry  Matthew. 

B  Grady,  John  William. 

A  Grady,  Joseph  William. 

D  Grady,  Patrick  Anthony  Salmon. 

D  Grady,  Thomas  Henry. 

A  Graham,  Douglas. 

D  Graham,  Maria  Louise. 

D  Grainger,  Edward  John. 

A  Grainger,  William  Henry. 

D  Grandlson,  Wilfred  George. 

D  Granger,  Eugene  Norton. 

B  Granger,  Frank  Butler. 

A  Granger,  Frank  Clark. 

D  Granger,  Earle  Henry. 

A  Grant,  James  Henry. 

A  Grant,  James  Henry. 

A  Grant,  William  Herbert. 

D  Grant.  William  Victor. 

D  Graves,  Benjamin  Augustus. 

D  Graves,  James  Chapman,  Jr. 

B  Graves,  Frederick  Clinton. 

D  Graves,  Robert  John. 

E  Graves,  Walter  John. 

D  Graves,  William  PhUllps. 

D  Gray,  Alice  Maude. 

A  Gray,  Charles  Henry. 

D  Gray,  Charles  Perley. 

D  Gray,  Elizabeth  Taylor. 

A  Gray,  George  Henry. 

B  Gray,  Hugh  Barr. 

A  Gray,  Robert  Williams. 
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D 

Greany,  Annie  Gertrude. 

A 

Grow,  Timothy  Rose. 

£ 

Greaves,  John  George. 

A 

Gruver,  Samuel  James. 

D 

Greco,  Francesco  Saverlo. 

A 

Guertin,  Auguste. 

A 

Greeley,  William  Henry. 

A 

Guild,  Edgar  Hunt. 

D 

Green,  Abraham. 

A 

Guild,  Edward  P'rank. 

A 

Green,  Charles  Monti'avllle. 

D 

Guild,  Thomas  Ezra. 

A 

Green,  Gydre. 

D 

Guiler,  Robert  Workman. 

A 

Green,  John  Orne. 

D 

Qullshan,  Joseph  John. 

A 

Green,  Mllbrey. 

D 

Gulmond,  Omer. 

D 

Cireen,  Nathan  Williams. 

D 

GuUck,  Luther  Ualsey. 

A 

Green,  Thomas  William. 

A 

Gunning,  Thomas  Frands. 

D 

Greenaugh,  Robert  Battey. 

A 

Gunter,  Fred  Berkeley. 

E 

Greene,  Daniel  Crosby,  Jr. 

A 

GupUU,  Ira  Clark. 

A 

Greene,  Edward  Miller. 

A 

GuptlU,  Luclan  Hayden. 

D 

Greene,  Eva  Keith. 

D 

Gurley,  Revere  Randolph. 

A 

Greene,  Frank  Alouzo. 

D 

Gustin,  Genevieve. 

A 

Greene.  Frank  Eugene. 

D 

Guy,  Walter  Bryant. 

A 

Greene,  Harrle  William. 

D 

Gwln,  Robert  Campbell. 

A 

(Greene,  James  Sumner. 

D 

Hachi,  Henry  Clement. 

A 

Greene,  Jared  Alonzo. 

A 

Haddock,  Charles  Whitney. 

D 

Greene,  Ransom  Alphonzo. 

E 

Hagen.Burger,  Gothfrled  Leon. 

A 

Greene,  Ray  WoodvUle. 

hard. 

A 

Greene,  Robert  Anderson. 

A 

Hagoplan,  Sarkls  Morkir. 

A 

Greene,  Thomas  Francis. 

A 

Ilahn,  Amrol  Rahamata. 

D 

Greene,  WiUlam  Addison. 

D 

Haig,  Andrew  Atchison. 

D 

Greene,  William  Henry. 

D 

Haigis,  Peter. 

D 

Greenfield,  Melvln  L. 

J> 

Haines,  Ignatius. 

A 

Green  leaf,  George  Walter. 

A 

Hale,  Edward  Preston. 

A 

Greenleaf ,  John  Haggles. 

A 

Hale,  Edwin  Emery. 

A 

Greenleaf,  Richard  C ranch. 

B 

Hale,  George  Carleton. 

D 

Greenough,  Clara  Mary. 

D 

Hale,  Robert  Carleton. 

A 

Greenwood,  Allen. 

D 

Hale,  William. 

D 

Greenwood,  Arthur  Moses. 

B 

Hale,  William  Alonzo. 

A 

Greenwood,  Sewell  Elliott. 

E 

Hale,  Willis  Le  Baron. 

A 

Gregg,  John  Argelo. 

C 

Hall,  Charles  Brackctt. 

B 

Gregolre,  Albeit. 

D 

Hall,  Charles  Francis  Adams. 

D 

Gregory,  George  Augustus. 

A 

Hall,  Charles  Henry. 

A 

Grieumard,  George  Augustus. 

D 

Hall,  Fred  Augustus. 

B 

Griffin,  Alva  James. 

D 

Hall,  Gardner  Wells. 

A 

Griflin,  Arthur  George. 

A 

Hall,  George  Clifton. 

D 

Griffin,  Frederic  Stanley. 

D 

Hall,  Herbert  James. 

A 

Griffin,  Louise  Amanda. 

D 

Hall,  Harry  Porter. 

D 

Griffin,  Nathan  Leroy. 

B 

Hall,  James  Frank. 

D 

Griffin,  Walter  Alden. 

D 

Hall,  Jamen  Sanberg. 

A 

Griffith,  John  Auckland. 

D 

Hall,  John  Baptlste,  Jr. 

D 

Griffith,  Thomas  Richards. 

A 

Hall,  Mahlon  PYeeborn. 

D 

Griffiths,  Albert  Farnsworth. 

A 

Hall,  Newbert  Jackson. 

E 

Grimes,  James  Henry. 

D 

Hall,  Rufus  Hacker. 

D 

Grimes,  Lorlng. 

D 

Hall,  Walter  Davis. 

D 

Grimes,  Warren  Parker. 

A 

Hall,  Walter  Langdon. 

A 

Grin fleld-Cox well,  John  Edward. 

D 

Hall,  William. 

B 

Grise,  Herman  Pierre. 

A 

Hall,  William  Dudley. 

D 

Grlswold,  Merton  Lyman. 

A 

Hallett,  Edward  Bangs. 

A 

Groll,  Edward  Wright. 

A 

Hallett,  Walter  Lewis. 

E 

Groppner,  Max  Carl. 

D 

Halligan,  E<lward  Maurice. 

D 

Gross,  Hermann  Williams. 

A 

Halloran,  Michael  Joseph. 

D 

Grossman,  Max. 

B 

Halloran,  Timothy  Joseph. 

A 

Grouard,  John  Shackford. 

A 

Hallowell,  Clement  Howard. 

D 

Grover,  Arthur  Leon. 

A 

Hallowell,  Henry  Carleton. 

D 

Grovestein,  William  Pride. 

C 

Hal  pin,  Andrew  James. 
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A 

D 

Halsall,  Mary  Elizabeth. 

Harlow,  Harriet  Susan. 

D 

HalBted,  Alfred  Thompson. 

A 

Harlow,  John  Martyn. 

A 

HalBey,  Frederick  Wadsworth. 

D 

Harman,  Austin  Roy. 

D 

Ham,  William  Addison. 

A 

Harmon,  Byron  Richmond. 

D 

Hamblen,  Edward  Everett. 

A 

Harmon,  Melville  Alphonzo. 

D 

Hamblen,  Howard. 

D 

Harper,  Alfred  Alfonso. 

D 

Hamilton,  Annie  Lee. 

A 

Harrlman,  Charles  Henry. 

E 

Hamilton,  Edward  Sylvester. 

D 

Harrlman,  Cora  Elizabeth. 

£ 

Hamilton,  Frank  Andrew. 

D 

Harrlman,  David  Eugene. 

D 

Hamilton,  Robert  De  Lancey. 

A 

Harrlman,  James  Lang. 

A 

Hamilton,  Theodore  Erskine. 

D 

Harrlman,  Perley. 

D 

Hamilton,  William  Francis. 

A 

Harrlman,  Samuel  Knight. 

D 

Hamlin,  William  Edward. 

A 

Harrington,  Arthur  Hudson. 

A 

Hammersley,  Jonathan  Beadmore. 

A 

Harrington,  Charles. 

A 

Hammond,  Allen  Dexter. 

D 

Harrington,  Charles  Woodbury. 

D 

Hammond,  Charles. 

A 

Harrington,  Francis  Bishop. 

A 

Hammond,  Lemuel  Hodges. 

A 

Harrington,  Francis  Michael. 

A 

Hammond,  Philip. 

A 

Harrington,  Harriet  Louisa. 

D 

Hammond,  Roland. 

A 

Harrington,  Thomas  Francis. 

D 

Hammond,  William  John. 

D 

Harrington,  Michael  William. 

A 

Hammond,  William  Penn. 

D 

Harris,  Arthur  Eugene. 

A 

Hands,  Anna  Carville. 

D 

Harris,  Charles  Edward. 

A 

Hands,  Herbert  Abraham. 

A 

Harris,  Emanuel. 

A 

Handy,  Benjamin  Jones. 

A 

Harris,  Francis  Augustine. 

A 

Handy,  Harrle  Delmar. 

A 

Harris,  Georgianna  Warren. 

D 

Handy,  Harry  Tucker. 

E 

Harris,  Samuel  Jacob. 

A 

Hanley,  Francis  Joseph. 

B 

Harris,  Sophia  Roper. 

A 

Hanley,  John  Joseph. 

E 

Harris,  Wilfred  Ernest. 

A 

H anion,  Daniel  James. 

D 

Harris,  WMUiam  DeBlois. 

D 

H anion,  Joseph  Peter. 

D 

Harris,  William  Landow. 

A 

Hanna,  Edmund  Steelman. 

A 

narrower,  David,  Jr. 

D 

Hanna,  Thomas  Francis. 

B 

Hart,  Charles  Oliver. 

D 

Hannaford,  Charles  William. 

E 

Hart,  Francis  Joseph. 

A 

Hannum,  James  Wilson. 

A 

Hart,  George  Fred. 

D 

Hanscom,  Walter  Vose. 

D 

Hart,  Henry  Brown. 

A 

Hanscom,  San  ford. 

D 

Hart,  James  Overton. 

A 

Hanson,     Frederick     Augustus 

B 

Hart,  Joseph  Storer. 

Tafte. 

B 

Hart,  Marv  Schoonmaker. 

D 

Hanson,  Justus  Greely. 

D 

Hart,  Michael  Joseph. 

A 

Hanson,  William  Green. 

A 

Harte,  Richard  Hickman. 

D 

Hapgood,  Lyman  Sawin. 

A 

Hartley,  Henry  Alexander  Sat- 

D 

Harding,  Ambrose  Hastings. 

urnise. 

A 

Harding,  Edward  Mitchell. 

D 

Hartley,  Rebecca  Agnes. 

A 

Harding,  George  Franklin. 

D 

Hartraan,  Gustave. 

D 

Harding,  Walter  Allen. 

"D 

Hartnett,  Edward  Daniel. 

J> 

Hardwlck,  Everett  Vinton. 

D 

Hartshorn,  Edward. 

E 

Hardwick,  Frederick  Veazie. 

D 

Hartung,  Harry  Hall. 

A 

Hardy,  Charles  Silenus. 

D 

Hartwell,  Arthur  Spear. 

D 

Hare,  Andrew  Jackson. 

A 

Hartwell,  Edward  Mussey. 

A 

Hare,  Charles  Henry. 

D 

Hartwell,  Harry  Fairbanks. 

D 

Hare,  William  Andrew. 

D 

Hartwell,  William  Winn. 

B 

Hargrove,  Alfred. 

B 

Harvey,  Alvah. 

B 

Hargrove,  Frances  Flora. 

A 

Harvey,  Edwin  Bayard. 

B 

Hargrove,  Sidney  Bulwer. 

B 

Harvey,  Elvira  Adelaide. 

E 

Harkins,  Cornelius  Patrick,  Jr. 

E 

Harvey,  Frank. 

A 

Harkins,  Daniel  Stanislaus. 

A 

Harvey,  Frank  T. 

D 

Harkins,  John  Francis. 

A 

Harvey,  Henry  Sydney. 

A 

Harlow,  Corydon  Webster. 

A 

Harvey,  John  Franklin. 

A 

Harlow,  George  Arthur. 

D 

Harvey,  Roland  John. 

A 

Harlow,  Granville  Albert. 

A 

Harvey,  Walter  Emerson. 
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D 

Harvey,  William  Wirt. 

D 

Hayward,  William  Frank. 

A 

Harwood,  Charles  Hamant. 

C 

Hayward,  George  Grlswold. 

D 

Hasbrock,  Ira  Daniel. 

A 

Haywood,  George  William. 

D 

Haakell,  Harris  Bigelow. 

A 

Haywood,  Isabel  Prldhara. 

A 

Haskell,  Henry  Hill. 

A 

Hazard,  George  Stevens. 

D 

Haskell,  Lyman  George. 

A 

Hazelton,  Isaac  Hills. 

A 

Haskell,  Nelson  Gary. 

D 

Hazen,  Robert. 

D 

Baskins,  Frank  Bagene. 

D 

Hazlett,  Olive  Blnkley. 

D 

Haakins,  Frank  Henry. 

D 

Ileald,  Charles  Gerry. 

A 

Haskins,  Solomon  Foot. 

A 

Heald,  Joseph  Berthelet. 

A 

Haslam,  Frank  Alden. 

A 

Heald,  William  Frederick. 

A 

Hasaett,  John  Joseph. 

D 

Healy,  Daniel  Laurence. 

A 

Hastings,  Caroline  Eliza. 

D 

Healy,  John  Aloysiua. 

B 

Hastings,  Frank  Josiah. 

D 

Healy,  Thomas  Raymond. 

D 

Hastings,  John  Mason. 

A 

Heard,  John  Theodore. 

A 

Hastings,  Judson  Worthington. 

B 

Heard,  Mary  Ann. 

A 

Hastings,  Robert  Worthington. 

D 

Heam,  Walter  Lawrence. 

A 

Hato.h,  Anselro  Dimmlc. 

B 

Heath,  Abbie  Knowlton  Marden. 

D 

Hatch,  Edward  Sparhawk. 

D 

Heath,  Edward  Allen. 

D 

Hatch,  George  Stephen. 

A 

Heath,  Joseph  Webster. 

D 

Hatch,  Leonard  Francis. 

D 

Heath,  Newton  Emmer. 

A 

Hatchett,  Willtam  Josephus. 

D 

Heaton,  Thomas  Henry. 

B 

Hatfleld,  Hugh  Kerr. 

A 

Hebbard,  EUery  Cola. 

A 

Hathaway,  Clarence  Lockwood. 

A 

Hebbert,  Charles  Alfred. 

D 

Hathaway,  George  Stimson. 

D 

Hubert,  Georges. 

D 

Hathaway,  John  Gael. 

A 

Hedenberg,  James. 

B 

Hathaway,  Marcus  Morton. 

D 

Hedin,  Carl  Joban. 

A 

Hathaway,  Sarah  Lewis. 

A 

Heffem,  Patrick  William. 

A 

Hathaway,  William  Fales. 

D 

Heffernan,  David  Aloysius. 

A 

Haub,  Augustine  Catherine. 

A 

Heigham,  Jabez  William. 

D 

Haviland,  Nathaniel  Clark  Bacon. 

D 

Hemeon,  Frederick  Chipman. 

D 

Haviland,  Walter  Childs. 

D 

Hendee,  Leslie  Horatio. 

D 

Hawes,  Alfred  Taylor. 

A 

Henderson,  Charles  Russell. 

A 

Hawes,  Edward  Ererett. 

D 

Henderson,  George  Dallas. 

J> 

Hawes,  John  Brombam,  2d. 

D 

Henderson,  Lawrence  Joseph. 

A 

Hawes,  Joseph  Qoinnum. 

A 

Henderson,  Pinckney  Marion. 

B 

Hawkes,  Charles  Eleazer. 

A 

Hendrickson,  Charles  Damariu. 

D 

Hawkins,  Henry. 

D 

Henin,  Chaim  Chaimor. 

B 

Hawkins,  Horatio  Gates. 

A 

Henlon,  John  Briggs. 

A 

Hawks,  Alfred  Joseph. 

B 

Henotte,  Constant. 

A 

Hawks,  Esther  Hill. 

A 

Henry,  John  Goodrich. 

A, 

Hay,  Gustavus. 

B 

Herbert,  Edward. 

w 

D 

Hay,  Joseph  Smyser. 

D 

Herman,  Edwards  Woodbridge. 

D 

Hayden,  Lewis  Brooks. 

A 

Herrick,  Edward  Barton. 

A 

Hayes,  Albert  Hamilton. 

A 

Herrick,  Joseph  Thomas. 

D 

Hayes,  Blanche  Adelyn. 

B 

Herrick,  Timothy  George. 

D 

Hayes,  David  Patrick. 

D 

Herrick,  Van  Buren. 

D 

Hayes,  Frederick  Legro. 

A 

Hersey,  Freeman  Clark. 

A 

Hayes,  Irving  Benjamin. 

D 

Hess,  Peter  William. 

B 

Hayes,  John  Joseph. 

A 

Hetherington,  Gilbert  Edwin. 

D 

Hayes,  Justin  Edward. 

C 

Hewes,  Henry  Fox. 

A 

Hayes,  Justin  Gideon. 

A 

Hewins,  Parke  Woodbury, 

A 

Hayes,  Stephen  William. 

D 

Hewitt,  Clarence  Elbert. 

D 

Hayes,  Wentworth  Ijarrabee. 

D 

Hewitt,  WilUam  Oakes. 

D 

llayford,  Herbert  Scott. 

D 

Hews,  India  Cochel. 

A 

Haynes,  Charles  Frederick. 

A 

Hichbom,  Herman  Granville. 

D 

Haynes,  Mabel  Stevens. 

A 

Hickey,  Garrett  Joseph. 

D 

Hayward,  Abner. 

D 

Hickey,  James  Eloi. 

A 

Hayward,  Joseph  Warren. 

D 

Hickey,  John  Aloysius. 

D 

Hayward,  Walter  Barrows. 

D 

Hickey,  John  Joseph. 
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D 

Hickey,  Lawrence  Joseph. 

D 

Hodgdon,  Luther  Albion. 

D 

Hicks,  Charles  Andrew. 

D 

Hodgdon,  Ralph  Franklin. 

D 

Hicks,  Ellas  Peter.  > 

B 

Hodge.  Dwight  Munson. 

A 

Hicks,  Joseph. 

A 

Hodges,  Almon  Danforth. 

A 

Hidden,  Charles  Walter. 

B 

Hodges,  Stoughton  Fletcher. 

A 

Hlgbee,  Edwin  Wilbur. 

A 

Hodgson,  Mary  Cobb. 

A 

Hlgglns,  Frank  Albert. 

A 

Hodgson,  Richard. 

D 

Hlggins,  Harry  Eugene. 

A 

Hodgson,  Thomas  Sraithson. 

A 

Hlgglns,  Henry  Rich. 

A 

Hodskins,  Edward  Bryant. 

A 

• 

Biggins,  James  Hayden. 

D 

Hodskins,  Morgan  Brewster. 

B 

Higgins,  John  Henry. 

D 

Hoey,  Warren  Henry. 

B 

Higginson,  Ella  AuriUa. 

A 

Hotnnan,  Gustavus  Adolphus. 

A 

Hildreth,  John  Lewis. 

D 

Hoffses,  Granville  Ernest. 

A 

Hill,  Almon  Ward. 

A 

Hogan,  Fremont  Lincoln. 

B 

Hill,  Calvin  Augustus. 

D 

Hogan,  Joseph  Ambrose. 

D 

Hill,  Edgar  Dwight. 

A 

Hogner,  Per  Gustaf  Richard. 

D 

Hill,  Ernest  Linwood. 

A 

Holtt,  Eugene  Gorham. 

D 

Hill,  Eugene  Woodbury. 

D 

Holbrook.  Bradbury. 

0 

HiU,  George  Hillard. 

A 

Holbrook,  George. 

D 

Hill,  George  Jackson. 

A 

Holbrook,  (»uy. 

D 

Hill,  George  Sumner. 

B 

Holbrook,  Joseph  Edgar. 

D 

Hill,  Ira  Clark. 

A 

Holbrook,  Levi  Bradford. 

A 

Hill,  Ira  Joseph. 

A 

Holbrook,  Silas  Pinckney. 

A 

Hill,  Lucy  Chaloner. 

B 

Holbrook,  Solomon  Harding. 

B 

HIU,  Mary  Janerson. 

D 

Holbrook,  Vernon  Dayton. 

A 

HUl,  Noble  Hind. 

A 

Holbrook,  William  Edward. 

D 

Hill,  Thomas  Chittenden. 

A 

Holcombe,  Charles  Clifford. 

D 

Hillard,  James  Pearse. 

A 

Holden,  Anstin. 

D 

Hills,  Charles  Everett. 

A 

Holden,  Charles  Sumner. 

A 

Hills,  Frederick  Lyman. 

D 

Holden,  Clarence  Pamell. 

A 

HiUs,  WUllam  Barker. 

D 

Holden,  Cora  MUlet. 

A 

HUls,  William  Henry. 

A 

Holden,  Eogene  Martin. 

A 

Hilton,  George  Whitefleld. 

D 

Holden,  George  Walter. 

•     D 

Hilton,  John  Daniel. 

A 

Holden,  Leonard  Preston. 

B 

Hiltpold,  Jacob. 

B 

Holden,  Nebuther. 

D 

Hinchcliffe.  Harry  Palmer. 

A 

Holden,  William  Daniel. 

D 

Hlnchey,  Richard. 

B 

Holland,  Allen  Joseph. 

D 

Hinckley,  James  William. 

D 

Holland,  Hubert  Thomas. 

A 

Hlncks,  William  Sylvanus. 

A 

Holland,  James  William. 

A 

Hlues,  Archelaus  Don. 

D 

Holland,  Robert  Ambrose. 

A 

Hines,  Isaac  Bright. 

D 

Holland,  William  Joseph. 

D 

Hinson,  Jacob  Miller. 

D 

Holland,  William  Timothy. 

A 

Hipkiss,  George.                           ' 

D 

HolUster,  Robert  Russell. 

D 

Hirchler,  Rose. 

D 

Holmberg,  Carl  Lester  Magnun. 

A 

Hitchcock,  Alfred  Owen. 

A 

Holmes,  Alvln  Dennett. 

A 

Hitchcock,  Edward  Blgelow. 

B 

Holmes,  Arthur  Brewster. 

A 

Hitchcock,  George  Goodwin. 

D 

Holmes,  Benjamin  Henry. 

A 

Hitchcock,  Henry  Russell. 

D 

Holmes,  Daniel  Henry. 

A 

Hitchcock,  John  Sawyer. 

E 

Holmes,  Edgar  Miller. 

A 

Hitchcock,  Walter  Samuel  Deane. 

A 

Holmes,  Harry  Blgelow. 

D 

Hitchcock,  WiUiam  Alvan,  Jr. 

D 

Holmes,  Harry  Clinton. 

B 

Hixon,  Edwin  Colfax. 

A 

Holmes,  Horace  MarshalL 

A 

Hoadley,  Alfred  Henry. 

D 

Holmes,  Howard  Fowler. 

D 

Hobart,  Austin  Walter. 

D 

Holmes,  Le  Verne. 

A 

Hobart,  Mary  Forrester. 

D 

Holmes,  Louise  Dodson. 

D 

Hobble,  John  Remington. 

D 

Holmes,  Luke  Melvln. 

A 

Hobbs,  Ezra  Allen. 

B 

Holmes,  Lydia  Maria. 

D 

Hoch,  Charles  August. 

D 

Holmes,  May  Salona. 

A 

Hodgdon,  Andrew  Hall. 

D 

Holmes,  William  Franklin. 

D 

Hodgdon,  Frank  Amasa. 

A 

Holmqulst,  Gustavus. 

50 


REGISTRATION  IN  MEDICINE. 


[Jan. 


Officiai:,  List  of  Pbactitionebs  op  Medicine  —  Continued. 


D 

Holohan,  Patrick  Athanaaius. 

A 

Howe,  Francis  Augustine. 

D 

Holt,  Clifford  Parker. 

A 

Howe,  George  Joseph. 

D 

Bolt,  Edward  Wells  Atwood. 

D 

Howe,' George  Plummer. 

D 

Holt,  Frank  Hammett. 

D 

Howe,  Harry  Newell. 

D 

Holton,  Charles  Edward. 

A 

Howe,  James  Sullivan. 

A 

Holyoke,  Frank. 

D 

Howe,  Joseph  Dimock. 

D 

Holzman,  Joseph. 

D 

Howe,  Martha  Annie. 

B 

II Oman,  John  Milton. 

A 

Howe,  Octavlus  Thorndlke. 

D 

Homans,  John. 

A 

Howe,  Oliver  Hunt. 

A 

Homer,  John. 

D 

Howe,  Walter  Clarke. 

D 

Hood,  Mary  Gould. 

B 

Howe,  Wlnfred  Lewis. 

A 

Hooker,  Charles  Parker. 

B 

Howell,  Ella  Virginia. 

A 

Hooker,  Edward  Dwight. 

D 

Howell,  Harry  Warfield. 

D 

Hooker,  Stuart  Van  Rensselaer. 

D 

Howell,  Thomas. 

D 

Iloole,  John  Edward. 

D 

Howell,  William  Wescott. 

A 

Hooper,  Everett  Dennison. 

A 

Howes,  Clarence  Linden. 

A 

Hooper,  Frederick  Hubbard. 

A 

Howes,  PltU  Edwin. 

A 

Hooper,  Harriett  Pervier. 

A 

Howland,  Barker  Cushman. 

B 

Holt,  Harry  Frye. 

D 

Bowland,  Clarence  Eugene. 

D 

Hopkins,  Bertrand  Hiram. 

D 

Howland,  Edgar  Joseph. 

D 

Hopkins,  Frank  Henry. 

D 

Howland,  Joseph  Brlggs. 

D 

Hopkins,  Frederick  Eugene. 

D 

Howlett,  Thomas. 

D 

Hopkins,  Henry  Wade. 

D 

Hoyt,  Dixie  George. 

A 

Hopkins,  Samuel  Augustus. 

A 

Hoyt,  Edward  Malcolm. 

A 

Hopkins,  Stephen  Worcester. 

A 

Hoyt,  Walter  Scott. 

A 

Hopkins,  William  Thorpe. 

D 

Huard,  Joseph  Bdouard. 

A 

Horgan,  John  Augustus. 

A 

Hubbard,  Charles  Thacher. 

D 

Hombrook,  Frank  Wheeler. 

A 

Hubbard,  Frank  Allen. 

P 

Home,  James  Metcalfe. 

A 

Hubbard,  George  William. 

B 

Home,  Lester  Wallace. 

D 

Hubbard,  Joshua  Clapp. 

D 

Horner,  Harriet. 

A 

Hubbard,  Josiah  Clark. 

A 

Homly,  Mary  Stamper. 

A 

Hubbard,  Osmon  Huntley. 

A 

Horr,  Albert  WInslow. 

A 

Hubbard,  Rufus  Peabody. 

D 

Horton,  Emma  Luella. 

A 

Hubbard,  Simeon  Pease. 

D 

Horton,  Herbert  Fradford. 

A 

Hubbard,  William  Allen. 

D 

Hoskins,  Bertha  Ladd. 

A 

Hubbell,  Adelbert  Merton. 

D 

Hosley,  Walter  Alexis. 

B 

Hucklns,  Theron  Howard. 

A 

Hosmer,  Charles  Edward. 

A 

Hudnut,  Frank  Parker. 

A 

Hough,  Garry  de  Neuvllle. 

D 

Hudnut,  Paul  .\lbert. 

A 

Houghton,  Henry  Lincoln. 

B 

Hudson.  Arthur  Stanton. 

A 

Houghton,  Niedhord  Hahnemann. 

D 

Hudson,  Wendell  Phillips. 

A 

Houghton,  Silas  Arnold. 

D 

Huehne,  Julius. 

A 

Houghton,  Simon  Willard. 

D 

Hughes,  George  Frederick,  Jr. 

A 

Houle,  Anselme  Ephrem. 

C 

Hughes,  Laura  Ann  Cleophaa. 

A 

Houle,  Joseph. 

D 

Hughes,  Patrick  James. 

A 

Houston,  John  Alexander. 

D 

Hughes,  Rudolph  Emmet. 

D 

Hovey,  Robert  Ferry. 

A 

Hull,  Ernest  Liverus. 

C 

Howard,  Alonzo  Gale. 

A 

Hull,  John  Byron. 

A 

Howard,  Amasa. 

A 

Hull,  William  Henry. 

A 

Howard,  Arthur  Chadwick. 

A 

Hulme,  Laura  Payne. 

D 

Howard,  Charles  James. 

B 

Hulse,  Lester  Addison. 

D 

Howard,  Charles  Tllden. 

B 

Humes,  Albert  Henry. 

D 

Howard,  Eugene  Henry. 

A 

Hunklng,  Charles  Dustln. 

D 

Howard,  Frederic  HolUs. 

D 

Hunt,  Alice  Elizabeth  Palmer. 

A 

Howard,  George  Canning. 

A 

Hunt,  Allston  Frost. 

A 

Howard,  Herbert  Burr. 

A 

Hunt,  Charles  Richard. 

D 

Howard,  Joseph  Francis. 

A 

Hunt,  Daniel  Lawrence. 

A 

Howard,  Margaret  Emily  Pagelsen. 

A 

Hunt,  David. 

D 

Howard,  Perez  Brlggs. 

D 

Hunt,  Ernest  Leroi. 

A 

Howe,  Elsie  Brewster. 

A 

Hunt,  George. 
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A 

Hunt,  George  Eddy. 

A 

Ingrahum,  Lena  Vaughn. 

D 

Hnnt,  George  Pratt. 

A 

Ingram,  Mary  Petronella  de  Booij. 

A 

Hnnt,  Israel  Thomdlke. 

D 

Ireland,  Frederick  William. 

A 

Hunt,  John  Abram. 

A 

Irish,  John  Carroll. 

A 

Hunt,  Lemuel  Judson. 

A 

Irylne,  William  Herbert. 

C 

Hunt,  OtiB  Eugene. 

D 

Irving,  John  James. 

P 

Hunt,  Simeon. 

D 

Irwin,  Vincent  Joseph. 

A 

Hunt,  William  EuBtls. 

A 

Jack,  Edwin  Everett. 

D 

Hunt,  William  West. 

A 

Jack,  Ernest  Sanford. 

A 

Hunt,  William  Otis. 

A 

Jack,  Frederick  Lafayette. 

D 

Hunt,  Wilson  Eugene. 

D 

Jack,  Lewis  Harlow. 

D 

Hunter,  Edwin  Norman  McLeod. 

A 

Jack,  Robert. 

D 

Hunter,  Henry  John. 

D 

Jackman,  Alice  May. 

A 

Hunting,  Nathaniel  Stevens. 

D 

Jackson,  A  lexander  Washington. 

D 

Huntington,  Thomas  Marshall. 

0 

Jackson,  Alton  Atwell. 

A 

Huntoon,  Hazen  Frescott. 

A 

Jackson,  Amos  Messer. 

A 

Huntress,  Leonard. 

A 

Jackson,  Charles  William. 

D 

Hurd,  Albert  Gordon. 

A 

Jackson,  Cornelius  Sampson. 

A 

Hurd,  Alonzo  L. 

D 

Jackson,  Fred  Kinney. 

A 

Hurd,  George  Piatt. 

A 

Jackson,  Fred  William. 

D 

Hurd,  Randolph  Campbell. 

D 

Jackeon,  George  Henry. 

A 

Hurd,  William  Weymouth. 

B 

Jackson,  Gertrude  Pearson. 

C 

Hurley,  Daniel  Bartholomew. 

A 

Jackson,  Henry. 

A 

Hurley,  Daniel  Madison. 

D 

Jackson,  Howard  Bigelow. 

D 

Hurley,  Edward  Daniel. 

A 

Jackson,  James  Marsh. 

D 

Hurley,  James  Edward. 

A 

Jackson,  John  Henry. 

B 

Hurley,  John  Joseph. 

D 

Jackson,  John  Patrick. 

D 

Hurley,  Patrick  Eugene. 

D 

Jackson,  Oliver  Howard. 

A 

Hurtubise,  Louis  Francis  Ath- 

D 

Jackson,  Osceola  E. 

agnase. 

A 

Jackson,  Ralph  Wentworth. 

D 

Hurwltz,  Abraham  Joseph. 

A 

Jackson,  Samuel  Hahnemann. 

0 

Huse,  George  Wood. 

D 

Jackson,  William  Andrew,  Jr. 

D 

Hussey,  Charles  Bumps. 

A 

Jackson,  William  Benjamin. 

B 

HuBsey,  Edward  John. 

A 

Jackson,  William  Leavitt. 

A 

Husted,  Louise  Akerly. 

B 

Jacobs.  Charles  Michael. 

B 

Hutchings,  Charles  William. 

D 

Jacques,  Joseph  Alexander  I>am- 

A 

HutchlngSy  Joseph  Henry. 

bourges. 

A 

Hutohings,  George  Henry. 

D 

Jacques,  Louis  D6slre  Oneslphore. 

D 

Hutchins,  Guy  Howard. 

A 

Jacques,  Napoleon. 

D 

Hutchlns,  Henry  Talbot. 

A 

Jaffe,  James  Arthur. 

A 

Hutchinson,  Charles  Martin. 

A 

James,  li^nces  Celida. 

A 

Hutchinson,  Chessman  Palmer. 

D 

James,  Howard. 

A 

Hutchinson,  Claribel  Merrill. 

D 

James,  Joseph  Francis. 

A 

Hutchinson,  Edwin  Darius. 

D 

James,  Lucille  Amanda. 

A 

Hutchinson,  Marcello. 

B 

James,  Woodbury  Dyer. 

B 

Hutchinson,  Nelson  Vinal. 

B 

Jameson,  Robert  Edwin. 

D 

Hutchinson,  Walter  Perkins. 

B 

Janes,  Arthur  Percy. 

D 

Huyck,  Clifford  John. 

A 

Janes,  George  Herbert. 

D 

Hyatt,  Harry  William. 

D 

Janeway,  Henry  Harrington. 

D 

Hyde,  Frederick  Tanquary. 

A 

Janson-La-Palme,     Rodolphe 

A 

Hyde,  George  Smith. 

Gaspard. 

D 

Hyde,  James  Samuel. 

A 

Jaques,  Henry  Percy. 

D 

Ide,  Henry  Clay,  Sd. 

A 

Jarvis,  William  Fumess. 

D 

Ide,  Philip  Sheridan. 

D 

Jeffers,  Edward. 

A 

Usley,  Frederick  Roscoe. 

A 

Jefferson,  Herbert  Perry. 

A 

Inches,  Charles  Edward. 

D 

Jefferson,  WlUis  Grover. 

A 

Ingalls,  George  Hancock. 

A 

Jeffries,  Benjamin  Joy. 

D 

Ingham,  Lucius  Thomas. 

D 

Jelallan,  Ilalrabed  S. 

D 

Inglls,  Harry  James. 

B 

Jelen,  Henry. 

B 

Ingoldsby,  Joseph  Emmanuel. 

A 

Jelenklewicz,  Jacob. 
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A  Jelly,  Arthur  Carlton. 

A  Jolly,  Georg«  Frederick. 

A  Jenckes,  Joseph  Frankllu. 

B  Jenkins,  Charles  Dunsfonl. 

A  Jenkins,  Charles  Edwin. 

A  Jenkins,  George  Oscar. 

B  Jenkins,  Gladstone  Lawson. 

A  Jenkins,  Thomas  Lincoln. 

A  Jenks,  Harrison  Darling. 

D  Jcnness,  Burt  Franklin. 

A  Jenness,  Sarah  Abble. 

A  Jenney,  Arthur  Barker. 

D  Jennings,  Curtis  Herman. 

D  Jennings,  Robert. 

A  Jemegan,  Holmes  May  hew. 

D  Jemegan,  Walter  Stewart. 

A  Jewett,  Fred  Bryce. 

A  Jewett,  Frederick  A  ugustus. 

A  Jewett,  Howard  Clifton. 

C  Jewett,  Walter  Kendall. 

A  Jitlson,  Franklin  Campbell. 

A  Johnson,  Charles  Frederic. 

D  Johnson,  Charles  Kimball. 

B  Johnson,  Charles  Lemuel. 

D  Johnson,  Dayld  Joseph. 

A  Johnson,  Edward  Steams. 

C  Johnson,  Elmore  Reuben. 

S  Johnson,  Erik  St.  John. 

A  Johnson,  Francis  Emerson. 

C  Johnson,  Frank  Mackle. 

A  Johnson,  Frederick  William. 

D  Johnson,  George  Anson. 

D  Johnson,  Grahame  Dove. 

E  Johnson,  Granville  Roewell. 

D  Johnson,  Harold  Abbott. 

D  Johnson,  Herbert  Shattuck. 

A  Johnson,  John  Gore. 

D  Johnson,  John  Herbert. 

A  Johnson,  John  W^aldo. 

A  Johnson,  OrvlUe  Edson. 

D  Johnson,  Peer  Prescott. 

A  Johnson,  Sara. 

A  Johnson,  Stephen  Joseph. 

D  Johnson,  Walter  Sydney. 

A  Johnson,  William  Augustus. 

A  Johnson,  William  Louis. 

D  Johnston,  Reuben  Thomas. 

D  Johnston,  William. 

A  Johnstone,  William  Joseph. 

D  Jones,  Arthur  Wilis. 

A  Jones,  Charles  David. 

A  Jones,  Claude  Perry. 

D  Jones,  Daniel  Fiske. 

A  Jones,  Daniel  Wayland. 

A  Jones,  Elbert  Archer. 

A  Jones,  Elgin  Wilbur. 

A  Jones,  Ellis  Preston. 

D  Jones,  Everett. 

E  Jones,  Francis  Joseph. 

D  Jones,  Frederick  Ellis. 


D  Jones,  Frederick  Elmer. 

A  Jones,  George  Howard. 

A  Jones,  George  Warren. 

A  Jones,  Gilbert  Norris. 

D  Jones,  Harold  Wellington. 

D  Jones,  James  Arthur. 

A  Jones,  John  Clark. 

B  Jones,  John  Paul. 

D  Jones,  John  Thomas  Paul. 

A  Jones,  Joseph. 

A  Jones,  Lombard  Carter. 

A  Jones,  Lyman  Asa. 

A  Jones,  Mary  Elizabeth. 

D  Jones,  Mary  Scott. 

D  Jones,  Raymond  Child. 

D  Jones,  Seth  Warner. 

A  Jones,  Sophia  Carlton. 

D  Jones,  Wellington  West. 

A  Jones,  William  Marks. 

A  Jordan,  Charles. 

A  Jordan,  Charles  Harold. 

D  Jordan,  Ernest  Major. 

A  Jordan,  George  Albert. 

A  Jordan,  Henry  Jacob. 

D  Jordan,  John  Franklin. 

D  Jordan,  William  Henry. 

C  Joslln,  Elliott  Proctor. 

D  Joslln,  Perry  Edward. 

D  Joslln,  Samuel  Lees. 

A  Josselyn,  Ell  Edwards. 

D  Jouett,  Fred  Robert. 

E  Joumeay,  Warren  William. 

A  Joyce,  Charles  Pitt  Fid. 

D  Joyce,  James  Henry. 

A  Joyce,  Thomas  Francis. 

A  Judah,  Lucian  Alexander. 

A  Judd,  David  Hiram. 

B  Judge,  Albert  Augustine. 

B  Judge,  James  Daniel. 

D  Judklns,  Anna  Gertrude. 

A  Judklns,  Frank  Lnvelle. 

D  Junklns,  Helen  McDuffee. 

A  Kaan,  George  Warton. 

A  Kahn,  Alexander. 

D  Kahn,  Paul. 

D  Kahn,  Wulf. 

D  Kalousdlan,  Nazareth  Manoug. 

A  Kane,  John  Henry. 

D  Kapp,<Julla  Seaton. 

A  Kamer,  Edwin  Belden. 

D  Katsalnos,  George  Michel. 

D  Kazanjian,  Ham  par  Baghoss. 

A  Kean,  Louise  Janett  Damstaedt 

D  Keaney,  Henry  Joseph. 

C  Keany,  Fj*ancis  Joseph. 

E  Kearney,  John  Henry. 

E  Keate,  Walter. 

A  Keating,  James  Edward. 

D  Keay,  Harry  Chester. 

D  Keck,  Charles  Erhard. 
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A  Kcefe,  Daniel  Edward. 

A  Keefe,  Patrick  Henry. 

A  Keegan,  Charles  Andrew. 

A  Keegan,  Vincent  Elijah. 

D  Keeler,  Willlain  Basil. 

A  Keenan,  Herbert  John. 

D  Keene,  Charles  Herbert. 

A  Keep,  Charles  Manning. 

A  Kelfe,  Carolyn  Ignasce. 

A  Keir,  Ersklne  Johnston. 

D  Kelsker,  Laura. 

D  Keith,  Avis  Mnna. 

A  Keith,  Ellen  Louisa. 

A  Keith,  Frederick  Scott. 

A  Keith,  George  Wallace. 

D  Keith,  Halbert  Lynn. 

A  Keith,  Wallace  Cushing. 

A  Keleher,  Francis  Joseph. 

A  Keleher,  William  Henry. 

D  Kelleher,  Patrick  Francis. 

A  Keller,  Elizabeth  Catherine. 

D  Keller,  William  Johnson. 

B  Kelley,  Daniel' Joseph. 

A  Kelley,  Horatio  Sprague,  Jr. 

D  Kelley,  John  Thomas. 

A  Kelley,  Joseph  Henry. 

D  Kelley,  Joseph  Henry  Hart. 

A  Kelley,  Michael  Joseph. 

A  Kelley,  Seth  Wight. 

B  Kelley,  Walter  Henry. 

D  Kelllher,  MayvlUe  Sampter. 

A  Kelllher,  Michael  William. 

A  Kellogg,  Edward  Brinley. 

B  Kellogg,  Emery  Campbell. 

A  Kellogg,  Frederic  Leroy. 

D  Kelly,  John  Joseph. 

A  Kelly,  Michael. 

A  Kelly,  Samuel  James. 

D  Kelly,  Thomas  Francis. 

D  Kelly,  WUliam  Dugan. 

A  Kelly,  William  P. 

A  Kelsey,  Otis  Hiland. 

A  Kemp,  Edwin  Augustine. 

C  Kennard,  Harry  Delano. 

D  Kenealy,  Joseph  Henry. 

A  Kennealy,  John  Henry. 

D  Kennelly,  Julia  Grice. 

A  Kennedy,  Alexander  Edward. 

D  Kennedy,  Alexander  G. 

A  Kennedy,  Alonzo  Lewis. 

A  Kennedy,  Catherine  Moloney. 

A  Kennedy,  Charles  Francis  Joseph. 

D  Kennedy,  Eugene  Augustine. 

A  Kennedy,  Frederick  William. 

A  Kennedy,  George  Golding. 

D  Kennedy,  Harris. 

A  'Kennedy,  James  Simon. 

D  Kennedy,  Michael  Colville. 

D  Kennedy,  Thomas  Francis. 

B  Kennedy,  Thomas  Patrick. 


A  Kenney,  Franklin  W^oodbury. 

D  Kenney,  Hattie  Eliza. 

D  Kenney,  John  Erie. 

D  Kenuiston,  William  Beaman. 

D  Kennon,  Charles  Edward  de  Ven. 

D  Kent,  Bradford. 

B  Kent,  Daniel  Hurley. 

I)  Kent,  Ralph  Porter. 

A  Kenyon,  Henry  Jesse. 

A  Kcown,  James  Archibald. 

D  Kepler,  Charles  Ober. 

D  Kernan,  William  Everett. 

D  Kerr,  Isabella  Dickieson. 

D  Kerrigan,  James  Thomas. 

D  Kershner,  Warren  Edglle. 

I)  Kidnor,  Frederick  Clinton. 

D    .    Kllbourn,  Arthur  G09S. 

A  Kllbnm,  Henry  Whitman. 

A  Kilby,  Henry  Sherman. 

A  Klley,  Edward  Stephen. 

P  Kilgore,  George  Liberty. 

E  Killory,  George  Leo. 

A  Kilroy,  Philip. 

D  Kimball,  Alice  Uivinla. 

D  Kimball,  James  Henry. 

A  Kimball,  Joseph  Edwin. 

A  Kimball,  Leonard  Morong. 

A  Kimball,  l^vi  Houghton. 

A  Kimball,  Samuel  Ayer. 

A  Kimball,  William  George. 

A  Kimpton,  Edwin  Sewell. 

A  King,  Calvin  Bryant. 

B  King,  Charles  Duncan. 

C  King,  Frederick  Augustine. 

D  King,  Hamilton  Theodore. 

D  King,  Henry  Daniel. 

D  King,  Howard  Frost. 

D  King,  James  Aldrlch. 

D  King,  Jesse. 

D  King,  John  William. 

D  King,  Maxwell  Benedict. 

D  King,  Myron  Louis. 

A  King,  Nathaniel  Clark. 

D  King,  Sarah  Ella. 

C  King,  William  Ruf us. 

A  Kingman,  James  Henry. 

A  Kingman,  Rufus  Anderson. 

A  Kingsbury,  Albert  Dexter. 

A  Kingsbury,  Charles  Franklin. 

B  Kingsbury,  Charles  Henry. 

A  Kingsbury,  Joseph  Byron. 

A  Kingsbury,  Cliarles  Langdon. 

A  Klngsley,  Charles. 

D  Klngsley,  Patrick  Joseph. 

1)  Klnlin,  Terrance  Thomas. 

D  Kinloch,  Raymond  Alexander. 

A  Kinne,  George  Lyman. 

A  Kinney,  Eunice  Draper. 

A  Kinney,  John  Edgar. 

D  Kinney,  William  D'Arcy. 
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A 

Kinnier,  Denis  FrancU. 

D 

Ladd,  Joseph  Howard. 

£ 

Kinaley,  Cephas  Daniel. 

D 

Ladd,  Maynard. 

D 

KinsmaD,  Henry  FrancU. 

D 

Ladd,  Samuel  Tilden. 

D 

Klrby,  Francis  Joseph. 

D 

La  Fleor,  Fred  Joseph. 

D 

Klrby,  Frank  Alonzo. 

D 

Lafontaine,  Gustave. 

D 

Klrby,  Holder  Crary. 

A 

Laforoe,  Edward  Dontial. 

D 

Kirby,  James  Richard. 

B 

L' African,  Eugene. 

.     D 

Klrby,  Nathaniel  Harris. 

D 

Lahey,  Francis  Howard. 

A 

Kirby,  Thomas  Bdward. 

A 

Laidley,  John  Balne. 

A 

Kirk,  Lucy  Anne. 

D 

Laighton,  Florence  Marlon. 

D 

Klrshner,  Adelaide  Rosalind. 

D 

Laird,  Arthur  Turner. 

D 

Kite,  Walter  Chester. 

A 

Lake,  Hiram. 

A 

Kittredge,  Joseph. 

D 

Lake,  John,  Jr. 

A 

Kittredge,  Thomas. 

C 

Lakeman,  Mary  Ropes. 

A 

Klein,  Augast  Andreas. 

D 

Lally,  Francis  Henry. 

A 

Klemmer,  Denis  Francis. 

D 

Lamagna,  Domenlco. 

A 

Klemmer,  Wilhelm  Nickolaus. 

B 

Lamaire,  Willard  Wallace. 

D 

Klopp,  Henry  Irwin. 

D 

Lamarche,  George  Tancrftde. 

A 

Kludjian,  Assadour  Hagot. 

A 

La  Marche,  Walter  Joseph. 

A 

Knapp,  Philip  Coombs,  Jr. 

A 

Lamb,  Colby. 

D 

Kneeland,  Wellington  Bdward. 

A 

Lamb,  Frances  Gertrude. 

B 

Knickerbocker,  Percy  Gates. 

D 

Lamb,  William  Dan. 

A 

Knight,  Augustus  Smith. 

D 

Lambert,  Fred  De  Forest. 

D 

Knight,  Charles  Bngene. 

D 

Lambert,  John  Henry. 

B 

Knight,  Charles  Lewis. 

D 

La  Motte,  Xavier  Alexander. 

D 

Knight,  Charles  Storer. 

A 

Lamoureaux,  Joseph  Blztor. 

A 

Knight,  Charles  Sumner. 

A 

Lamson,  John  Augustus. 

D 

Knight,  Bdwin  Augustus. 

D 

Lamson,  Theodore. 

B 

Knight,  Frank  Henry. 

D 

Lancaster,  Alston  Howard. 

A 

Knight,  Frederick  Irring. 

A 

Lancaster,  Sherman  Russell. 

A 

Knight,  Granville. 

A 

Lancaster,  Walter  Brackett. 

A 

Knight,  Henry  Sargent. 

B 

Lande,  Abraham  Joseph. 

D 

Knight,  Howard  Webster. 

D 

Landers,  Garrett  John. 

A 

Knight,  Joseph  Noble. 

D 

Tenders,  Morris  Bernard. 

A 

Knight,  Marcus  Whitney. 

D 

Landers,  Maurice  Joseph. 

B 

Knight,  William  Henry  Anderson. 

B 

Landls.  Lillian  Etta. 

A 

Knowles,  James  Harris. 

D 

Landry,  Joseph  Napoleon. 

B 

Knowles,  Robert  Keneborough 

D 

Landry,  Louis  Henry. 

Black. 

A 

Landry,  Napoleon. 

A 

Knowles,  William  Fletcher. 

A 

Lane,  Albert  Clarence. 

A 

Knowles.  William  Kelley. 

A 

Lane,  Charles  Franklin. 

A 

Knowlton,  Charles  Davison. 

A 

Lane,  Edward  Binney. 

A 

Know^lton,  Herbert  Eugene. 

A 

Lane,  Francis  Augustus. 

D 

Knowlton,  John  Grcenleaf  Whlttier. 

D 

Lane,  Frank  Ellsworth. 

A 

Knowlton,  Wallace  Mills. 

B 

Lane,  Ida  Ella  Hale. 

D 

Knowlton,  William  Thomas. 

A 

Lane,  John  Goodwin. 

D 

Koch,  James  I^afayette. 

A 

Lane,  Orville  Wilbur. 

B 

Kohan,  Alexander. 

A 

Lane,  Robert  Ia>w. 

D 

Konlkow,  Antonla  Frederica. 

D 

Lane,  Walter  Appleton. 

A 

Konikow,  Mo^^es  Joseph. 

B 

Lane,  William  Colton. 

D 

Koplowltz,  Abraham. 

D 

Lang,  Herbert  Bowman. 

A 

KrauBB,  Jumes. 

D 

Langan,  John  Thomas. 

B 

Kronberger,  Israel  Baruch. 

A 

Langevin,  Joseph  Alphonse. 

D 

Krum,  Frank  Wilson. 

A 

Langlois,  Joseph  Augustin. 

D 

Kurth,  Gustavo  Emll. 

D 

Langlols,  William  Edward. 

D 

La  Belle,  Martin  James. 

A 

Langmaid,  Samuel  Wood. 

D 

Labelle,  Urgele. 

D 

Langworthy,  Henry  Glover. 

B 

LacaiUade,  James  Oliver. 

D 

Lambert,  John  Francis. 

D 

I^chance,  Alfred  Phi  leas. 

D 

Lamphear,  Charles  Howard. 

B 

Ladd,  Fred  Eugene. 

B 

Lanman,  Charles  Henry. 
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A 

Lanole,  Joseph  Bosibe  Bogene 

A 

D 

Lanone,  Alphonse. 

D 

D 

Lapham,  George  Nelson. 

A 

A 

Large,  Alfred. 

D 

B 

Larkeque,  Garret  Bancroft 

A 

Breckinbridge. 

D 

D 

Larrabee,  Herbert  Man  son. 

A 

D 

Larrabee,  Ralph  Clinton. 

£ 

B 

Latham,  Benonl  Mowry. 

A 

A 

Latham,  Caroline  Augusta. 

E 

A 

Lathe,  Leonora  Fletcher. 

D 

A 

Lathrop,  William  Henry. 

D 

A 

Latter,  Leonard. 

A 

D 

Latterner,  Frederick  Henry. 

D 

B 

Laurence,  David. 

D 

D 

Lanrin,  TheophlliiB. 

A 

D 

Laurion,  Adelard. 

D 

D 

Lavellee,  George  Omer. 

A 

D 

La  Vigne,  Alfred  Willis. 

B 

D 

Lavoie,  Joseph  Paradls. 

A 

A 

Lawler,  Thomas  Joseph. 

A 

A 

Lawler,  William  Patrick. 

A 

D 

Lawlor,  James  Francis. 

A 

D 

Lawlor,  John  Joseph. 

D 

D 

Lawlor,  Richard  Henry. 

A 

D 

Lawrence,  Arthur  Abbott. 

D 

D 

Lawrence,  James  Chrlsby  Hurd. 

B 

D 

Lawrence,  James  Wilmot. 

D 

A 

Lawrence,  Joseph  Henry. 

D 

D 

Lawrence,  Nellie  Louise. 

A 

D 

Lawrence,  William  Bthan. 

E 

D 

Laws,  Sophie  Goudge. 

D 

A 

Lawson,  Frederick  Bartlett. 

A 

D 

Lazarus,  Benjamin. 

D 

A 

Leach,  Albert  Clinton. 

B 

A 

Leach,  Clara  Celestla  AuHtin. 

A 

A 

I.<each,  Edward  Morton. 

A 

A 

Leach,  Horace  Morton. 

B 

£ 

Leahey,  Frederick  Andrew. 

A 

A 

Leahey,  George  Henry  Aloysius. 

D 

B 

Leahy,  James  Percival. 

B 

A 

Leahy,  Thomas  Joseph. 

D 

A 

Leard,  John  Samuel  Hick. 

A 

B 

l4wrned,  Noyes  Newton. 

E 

A 

Learned,  John  Barr. 

D 

A 

Learned,  William  Tnrell. 

D 

A 

Learoyd,  Charles  Berry. 

D 

D 

Leary,  Adelaide  Olga  Cushing. 

B 

D 

Leary,  Chrysostom  John. 

A 

A 

I^eary,  James  Edward. 

D 

A 

Leary,  John  Henry. 

E 

A 

Leary,  Patrick  Frank. 

D 

C 

Leary,  Timothy. 

C 

D 

Leary,  William  Charles. 

D 

D 

Leary,  William  Cornelius. 

A 

A 

Leayitt,  Dudley. 

D 

D 

Leavltt,  Edwin  Alden. 

C 

D 

Leavitt,  Frank  Clyde. 

B 

D 

Leavltt,  Forrest. 

D 

D 

Leavitt,  Mary  Augusta. 

B 

Leavitt,  William  Whipple. 

Le  Bel,  Timothte. 

Leblanc,  Aim6  No<{l. 

Le  Blanc,  Clement  Oliver. 

Le  Boeuf ,  Joseph  Sylva. 

Lecompte,  Walter  Augustus. 

Lee,  Frank  Herbert. 

Lee,  Henry  Jason. 

Lee,  Luther  Milo. 

Lee,  Ralph  Everett. 

Lee,  Wesley  Terence. 

Lee,  William  George. 

Leeds,  Charles. 

Leen,  Thomas  Francis. 

Leggt  Arthur  Thornton. 

Lehmann,  Anthony. 

Leib,  Edwin  Roy. 

Leib,  Thomas  Nuttall. 

Leighton,  Harry  Burbank. 

Leitch,  John  Alvin. 

Le  Lacheur,  Ellis  Sweetlove. 

Leland,  Clarence  Henry. 

Leland,  George  Adams. 

Lemalre,  William  Franklin. 

Le  Maitre,  Joseph  Michel. 

Lemleux,  Thtodule  Alfred. 

Lentine,  Gaspare  Emmanuel. 

Leonard,  Edwin,  Jr. 

Leonard,  Henry  Fiske. 

Leonard,  Henry  Patrick. 

Leonard,  Isaac  Edward. 

Leonard,  John  Michael. 

Leonard,  Milton  Hall. 

Leonard,  William  Joseph. 

Lepper,  David  Barnard. 

Lescadre,  Henry. 

Leslie,  Freeland  David. 

Leslie,  Herbert  Granville. 

Leslie,  Horace  Granville. 

Levasseur,  Augustus  Joseph  Hugo. 

Levenson,  Sophia. 

Leverton,  Charles  Henry. 

Levey,  George. 

Levins,  Nathan  Noah. 

Levis,  Harold  James. 

Levy,  Felix  Julius. 

Lewandowski,  Joseph. 

Lewis,  Andrew  Valentine. 

Lewis,  Arthur  Cutbbert. 

Lewis,  Edwin  Ray. 

Lewis,  Ellsha  Sears. 

Lewis,  Frederic  Thomas. 

Lewis,  George  Fred. 

Lewis,  James  Prince,  Jr. 

Lewis,  John  Taylor. 

Lewis,  Marlon. 

Lewis,  Marion  Hall. 

Lewis,  Millard  Edrle. 

Lewis,  Seth  Ames. 

Lewis,  William  Edmund. 
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D 

Llbbey,  Charles  Emerson. 

A 

Loomis,  Charles  Otis. 

A 

Libby,  Charles  Adelbert. 

D 

Loomis,  Julius  Sterling. 

D 

Libby,  Edward  Norton. 

A 

Loomis,  William  Wellington. 

A 

Libby,  JesBB  Herbei't. 

D 

Lootz,  Emma. 

D 

Llbby,  Mary  Gordon. 

D 

Lord,  Frederic  Pomeroy. 

D 

Libby,  Mildred  Augusta. 

D 

Lord,  Frederick  Taylor. 

A 

LighthUl,  Augast  Ponham. 

D 

Lord,  Herl)ert. 

D 

LlUenthal,  Alice. 

A 

Lord,  Sidney  Archer. 

B 

LUley,  William. 

D 

Lord,  William  Ogden. 

E 

Lilly,  Albert  Henry. 

D 

Lorlng,  Benjamin  Tappan. 

E 

Lilly,  Thomas  Eugene. 

A 

Loring,  Harriet  Augusta. 

A 

Lincoln,  Guy  Alvan  Tbomdike. 

D 

Loring,  Robert  Gardiner. 

A 

Lincoln,  Jacob  Read. 

A 

Loring,  Robert  Peannaln. 

D 

Lincoln,  Merrick. 

A 

Lortle,  Joseph  Charles  Hormlsdaa. 

B 

LIndqulst,  CarllAugustus. 

A 

Lothrop,  Charles  Arthur. 

D 

Lindsay,  Joseph  Ira. 

A 

IjOthrop,  George  Edgar. 

D 

Lindsey,  John  Hathaway. 

A 

Lothrop,  Howard  Augustus. 

A 

Lindsey,  Joseph  Ferdinand,  Jr. 

D 

Lothi*op,  Percy. 

D 

Linenthal,  Harry. 

B 

Loucks,  John  Stearns. 

A 

Lin  field,  Edwin  Porter. 

D 

Lougee,  Arthur  Jewett. 

A 

Litch,  John  Goodrich. 

A 

Longee,  Frank  Taylor. 

C 

Litchfield,  William  Harvey. 

A 

Lougee,  May  WiUlamlna. 

D 

Lithgow,     Robert     Alexander 

D 

Lougee,  William  Wheeler. 

Douglas. 

B 

Longest,  Charles  Albert. 

A 

LltteU,  Alice. 

D 

Loughlin,  John  Joseph. 

D 

Little,  Abby  Noyes. 

D 

Lough nin,  James  Francis. 

D 

Little,  Charles  Sherman. 

A 

Louis,  Isaac. 

E 

Little,  George  Thomas. 

D 

Love,  James. 

A 

Little,  Harry  James. 

D 

Love,  William  Lathrop. 

D 

Little,  John  Mason,  Jr. 

A 

Lovejoy,  Charles  .\verlll. 

A 

Little,  William  Brimblecom. 

D 

Lovejoy,  Fred  Wendell. 

D 

Littlefield,  Anna  Maria. 

A 

Loveland,  Charles  Harrison. 

D 

Littlefleld,  George  Curtis. 

A 

Lovell,  Charles  Dixon  Smith. 

D 

Littlefield,  George  Henry. 

A 

Lovell,  Charles  Edward. 

A 

Littlefleld,  Samuel  Horace. 

A 

Lovell,  David  Bigelow. 

B 

Liverpool,  Joshua  Henry. 

B 

Lovell,  Gideon. 

D 

Livingston,  Clarence  Bertram. 

D 

Lovell,  Harriet  Jane. 

D 

Livingston,  Ernest  George. 

D 

Lovell,  Lucinda  Sarah. 

D 

Livingston,  Isabel. 

D 

Lovell,  Mai*tha  Eleanor. 

A 

Livingston,  Joseph  Alexander. 

A 

Lovering,  Anna  Temple. 

A 

Lloyd,  Charles. 

A 

Lovett,  Rol:>ert  Williamson. 

B 

Lloyd,  Seth  Louis. 

D 

Low,  Harry  Chamberlain. 

D 

Lobo,  Jos(^  Paulo  Filomeno  Piedade 

D 

Lowd,  Harry  Mosher. 

Martinho. 

D 

Lowe,  Ernest  Whlttier. 

D 

Lockury,  Joseph  Logue. 

C 

Lowe,  Fred  Messenger. 

D 

Locke,  Edwin  Allen. 

D 

Lowell,  Albert  Fay. 

A 

Locke,  Horace  Mann. 

D 

Lowell,  Alverne  Percy. 

A 

Lockhart,  Joseph  Smith. 

D 

Lowell,  Freeman  Lamprey. 

D 

Lock  wood,  Charles  Edwin. 

D 

Lowell,  Hannah. 

D 

Lockwood,  George  Bertrand. 

D 

Lowell,  William  Hornbrook. 

B 

Loewe,  Leonard  Joseph. 

D 

Lowensteln,  Frederick  Philip. 

D 

Loftus,  John  Thomas. 

D 

lx)wuey,  Dionysius  Joseph. 

D 

Logan,  Frank  Parker  Tays. 

B 

Lowney,  Jeremiah  Joseph. 

B 

Login,  Louis. 

E 

Lowney,  John  Francis. 

A 

Lombard,  John  Patrick. 

A 

Lubin,  Leon  Th&ophlle  Jules. 

C 

Lombard,  Julia  Mary. 

D 

Luce,  Dean  Sherwood. 

D 

Long,  Margaret. 

A 

Luchsinger,  Harry  Warner. 

D 

Longfellow,  Henry  Nathan. 

D 

Luck,  Emil  Paul  Max. 

B 

Longfellow,  Melvina  Frances. 

A 

Ludden,  Emerson  Augustus. 

A 

Longley,  Mary  Theresa. 

B 

Lull,  Henry  Cushman. 

1905.] 


PUBLIC  DOCUMENT  — No.  56. 


57 


Official  List  of  Practitionebs  of  Medicine  —  Continued. 


A 

Land,  Fred  Bates. 

D 

MacOdrum,  Angus. 

A 

LuBCombe,  Job  Everett. 

D 

Macomber,  Nathaniel  Gifford. 

A 

LusBler.  CharleB  Arthur. 

C 

Macpherson,  George  Sturtevant. 

A 

Laasier,  Cyril le  Francois. 

A 

Macpberson,  Frederick  William. 

D 

Lynch,  Charles  Francis. 

D 

MacQuaid,  John  Stephen. 

B 

Lynch,  Cornelius  Joseph. 

D 

Macrae,  Annie  Campbell. 

A 

Lynch,  Michael  Henry. 

B 

MacRae,  Duncan. 

D 

Lynch,  Patrick  Michael. 

D 

MacSweeny,  Edmund  George. 

P 

Lynn,  Charles  William. 

D 

MacWhinnie,  Arthur  Morgan. 

A 

Lyon,  Annie  Isabelle. 

D 

Macy,  Fred  Stevens. 

A 

Lyon,  Arthur  Vinal. 

E 

Madden,  John  Joseph. 

D 

Lyon,  Frederick  Dow. 

C 

Madden,  William  Daniel. 

A 

Lyons,  Christopher  Philip. 

D 

Madison,  James  Daniel. 

A 

Lyons,  Herbert  Henry. 

A 

Magee,  Edward  Joseph. 

A 

Lyons,  Joseph  Benedict. 

A 

Magee,  John  Augustine. 

A 

MacArthur,  George  Elden. 

D 

Magrath,  George  Burgess. 

D 

MacCabe,  Arthur. 

D 

Magulre,  Cliarles  Francis. 

D 

MacCallum,  Wallace  Peter. 

C 

Maguire,  John  Edward. 

D 

MacCarthy,  Francis  Hamilton. 

D 

Maguire,  Thomas  Henry. 

D 

MacCormick,  John  Allan. 

E 

Maguire,  Thomas  Joseph. 

D 

MacCoy,  William  Edward. 

C 

Magurn,  Francis  Thomas  Louis. 

D 

Macdonald,  Alexander  Ambrose. 

D 

Mahady,  Joseph  John. 

A 

Macdonald,  Angus. 

D 

Mahady,  Stephen  Augustus. 

A 

MacDonald,  Archibald  Elezcis. 

D 

Mahlman,  Robert  Mowe. 

A 

Macdonald,  Colin  William. 

D 

Mahon,  James  Arthur. 

A 

Macdonald,  Donald  B'rancls. 

D 

Mahoney,  Daniel  Francis. 

D 

MacDonald,  Elmar  Joseph. 

D 

Mahoney,  Edward  Joseph. 

D 

Macdonald,  Frederick  Corneilius. 

E 

Mahoney,  t^ancls  Aloysius. 

A 

Macdonald,  James. 

D 

Mahoney,  George  Clifton. 

D 

Macdonald,  James  Stevens. 

E 

Mahoney,  John  Lewis. 

A 

MacDonald,  Kufus  Cyrene. 

A 

Mahoney,  John  Stephen. 

D 

MacDonald,  William  Campbell. 

A 

Mahoney,  Stephen  Andrew. 

D 

Macdonald,  William  Clliford. 

E 

Mahony,  Francis  Ronan. 

A 

Macdonald,  William  Gregory. 

A 

Maine,  Frank  Duane. 

A 

Macdonald,  William  Lewis. 

D 

Mains,  Charles  B^rederick. 

A 

MacDonnell,  John. 

D 

Makechnie,  Aithur  North. 

A 

Macdougall,  Duncan. 

A 

Makechnie,  Horace  Perkins. 

D 

Mace,  Charles  Herbert. 

C 

Mallory,  Frank  Burr. 

A 

Mace,  Herbert  Eugene. 

E 

Malone,  Charles. 

D 

Macgowan,  Joseph  Johnston. 

D 

Malone,  John. 

C 

Mack,  Charles  David  Gibson. 

D 

Maloney,  Daniel  Arthur. 

C 

Mack,  Helen  Georglnla  Flagler. 

D 

Maloney,  Thomas  Aloysius. 

D 

Mackay,  Andrew  Joseph. 

D 

Malonson,  James  Henry. 

D 

Mackay,  Edward  Hart. 

A 

Manahan,  Herbert  W^elllngton. 

D 

MacKay,  George  Finlay. 

D 

Manahan,  Thomas  James. 

A 

Mackeen,  Alfred  Atwater. 

A 

Manchester,  Delos  Burd. 

A 

MacKenzie,  I^reeman  Alexander. 

D 

Mandell,  Augustus  Hamlin. 

A 

Mackie,  George. 

D 

Maney,  John  Joseph. 

A 

Mackie,  Laura  Viola  Gustin. 

A 

Mangan,  John  Joseph. 

A 

Mackie,  William  BasiUo. 

D 

Mangan,  Patrick  Henry. 

D 

Mackte,  William  Charles. 

D 

Manlx,  Edwanl  Tuck. 

D 

Mackillop.  Daniel. 

D 

Mann,  Arthur  Teall. 

C 

Mackin,  Charles. 

F 

Mann,  Augustine  A  Ivan. 

D 

Mackintosh,  Ernest  Robert. 

D 

Mann,  Henry  Levi. 

D 

MacLachlan,  Thomas  Mitchell. 

A 

Mann,  Martha  Elizabeth. 

D 

Maclean,  Emellne  Helen. 

A 

Mann,  Mary  Ella. 

D 

Macleod,  Harry  Found. 

A 

Mann,  Mary  BVances. 

D 

Macleod,  William  Preston. 

A 

Mann,  William  Orris. 

D 

MacMahon,  John  Joseph. 

B 

Manseur,  Mary  Merrill. 

D 

MacMlllan,  Andrew  Louis. 

A 

Mansfield,  Charles. 
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D 

Mansfield,  Francis. 

A 

Marvin,  Grace. 

A 

Mansfield,  Henry  Tucker. 

D 

Marvin,  Sydney  Robertson. 

D 

Mansfield,  James  Albert. 

A 

Maryott,  Eraslus  Edgar. 

A 

Mansfield,  John  Bobbins. 

D 

Maskell,  Leonard  Joseph. 

A 

Mansfield,  Robert  Joseph. 

B 

Mason,  Almond  Waldo. 

S 

Mansfield,  Walter  Ralph. 

A 

Mason,  Amos  Lawrence. 

D 

Mansar,  Leon  Wallace. 

A 

Mason,  Atherton  Perry. 

A 

Mansor,  Richard  HiMTlson. 

D 

Mason,  George. 

A 

Mara,  Frank  Timothy. 

D 

Mason, '.Gilbert  McClellan. 

A 

Marble,  John  Oliver. 

E 

Mason,  Nathaniel  Robert. 

D 

Marcley,  Walter  John. 

E 

Massa,  Gaetano. 

D 

Marcon,  Louis  Benjlman. 

D 

Masse,  Jean  Baptiste. 

D 

Marcoux,  Ephrem  Alphonse. 

D 

Mass^,  Mathllde  Marie. 

A 

Marcy,  Henry  Orlando. 

D 

Masten,  Charles  Howard. 

D 

Marcy,  Henry  Orlando,  Jr. 

D 

Mastrangelo,  Marco. 

D 

Marden,  Milmot  Lelgrhton. 

A 

Mather,  Edward  Ellas. 

A 

Marin,  Joseph  Paul  Aster. 

D 

Mather,  John  Adams. 

D 

Marin,  Raymond. 

D 

Matbeson,  James  Renwick. 

D 

Marino,  Lulgl. 

D 

Mathews,  George  William. 

A 

Marlon,  Horace  Eugene. 

A 

Matte,  Joseph  Hubert  Ambrose. 

A 

Marlon,  Otis  Humphrey. 

D 

Maxfieid,  George  Henry. 

D 

Markham,  Erwln  Walter. 

D 

Maxwell,  George  Bannerman. 

D 

Marr,  Myron  Lawreoce. 

A 

Maxwell,  Warren  Brown. 

A 

Marsh,  A1l)ert. 

B 

May,  Charles  Emerson. 

C 

Marsh,  Arthur  White. 

A 

May,  George  Elisha. 

A 

Marsh,  Charles  David. 

D 

May,  John  Shepard. 

D 

Marsh,  Frank  Fllmore. 

D 

May,  William  Ropes. 

A 

Marsh,  James  Elmer. 

C 

Mayberry,  Charles  Bradford. 

D 

Marsh,  Luclnda  Anne. 

A 

Mayberry,  Edwin  Nelson. 

D 

Marshall,  Augustus  Thompson. 

D 

Mayberry,  Frank  Eugene. 

D 

Marshall,  Bertrand  Frank. 

D 

May  ell,  Ernest  Alfred. 

A 

Marshall,  Carey  Fenton. 

D 

Mayers,  John  Edward. 

A 

Marshall,  Foster  Leroy. 

D 

Mayes,  MaUhew  Taylor. 

D 

Marshall,  Harold  Kenneth. 

D 

Mayhew,  Orland  Smith. 

D 

Marshall,  Herman  Prince. 

D 

Maynard,  Arthur. 

A 

Marshall,  Julia  Ann. 

D 

Maynard,  Herbert  Ernest. 

D 

Marshall,  Perry. 

A 

Maynard,  Louis  Aime. 

D 

Marstin,  Chauncey  Macaulley. 

E 

Mayrand,  Eugene. 

D 

Marston,  Albert  Jeremiah. 

D 

Mc Adams,  James  Philip. 

D 

Marston,  Daniel  William. 

D 

McAdams,  Peter  Stevens. 

A 

Marston,  Edward  Brooks. 

D 

McA  Hester,  Ralph  William. 

B 

Marston,  George  Dexter. 

D 

McAllister,  Frederick  Danfortb. 

B 

Marston,  Joseph  Nonis.  > 

D 

McAllister,  John  Gllman. 

A 

Marston,  Luther  Moulton. 

D 

McAllit-ter,  John  Joseph  Hector. 

D 

Martcl,  Stanislas. 

D 

McArdle,  John  Joseph. 

D 

Martin,  Archibald  Herbert. 

£ 

McAuslan,  James  Le^pis. 

A 

Martin,  Francis  Coffin. 

A 

McAvlnnue,  Frank. 

A 

Martin,  George  Albert. 

D 

McAvoy,  John  Joseph. 

A 

Martin,  George  Forrest. 

D 

McBain,  William  Hearst 

A 

Martin,  (iregory  Arvide. 

D 

McCabe,  Denii)  John. 

D 

Martin,  Harry  Charles. 

A 

McCabe,  John  Joseph. 

E 

Martin,  John  Brayton. 

D 

McCaffrey,  Charles  Francis. 

D 

Martin,  John  Joseph. 

A 

McCann,  Alfred  Ernest  Arthur. 

D 

Martin,  John  Macleod. 

D 

McCarthy,  Charles  Ambrose. 

A 

Martin,  Luther  Orin. 

A 

McCarthy,  Charles  Daniel. 

A 

Martin,  Miles. 

A 

McCarthy,  Charles  Florence. 

A 

Martin,  Pearl. 

A 

McCarthy,  Eugene  Allen. 

D 

Martin,  William  John. 

E 

McCarthy,  Fi-ederlck. 

D 

Marvel,  Reuben  Joshua. 

D 

McCarthy,  Henry  Thomas. 

D 

Marvel  1.  Mary  Wilbur. 

A 

McCarthy,  John  Coakley. 
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D 

McCarthy,  Lewis  Fluronoe. 

D 

McOtrr,  Fellz  Francis. 

B 

McCarthy,  Patrick  Henry. 

D 

MoGourty,  James  Eugene. 

D 

McCarthy,  Timothy  Francis. 

D 

McGoTern,  Catherine  Elizabeth. 

D 

McCarthy,  Thomas  Francis. 

D 

MoQrath,  Bernard  Francis. 

A 

McCarthy,  Thomas  Horatio. 

A 

McGrath,  John  Edward. 

A 

McCarthy,  William  Henry. 

D 

MoGrath,  William  Fen  nelly. 

A 

McCarty,  James  Joseph. 

A 

McGuigan,  John  Joseph. 

S 

McCauley,  Albert  Anthony. 

B 

McGurn,  William  J. 

D 

McCaasland,  William  James. 

B 

McUugh,  John  Francis. 

A 

McClean,  Alexander  Spear. 

D 

Mclnerny,  John  Michael. 

A 

McClean,  George  Chesley. 

D 

Mclntee,  Michael  Joseph. 

A 

McClearn,  Charles  William. 

A 

Mclntire,  David. 

D 

McCllntock,  Francis  Blake. 

B 

Mclntlre,  George  Francis. 

D 

McCluskey,  Henry  Lincoln. 

A 

Mcintosh,  Donald  M. 

A 

McCollester,  John  Qnincy  Adams. 

D 

Mcintosh,  Edward  Francis. 

A 

McCollom,  John  Hildreth. 

D 

Mcintosh,  Blizabeth  Ellard. 

A 

McConnell,  Hugh  Beemer. 

A 

Mcintosh,  Frederic  Len)ont. 

D 

McCooey,  John  Francis. 

D 

Mcintosh,  Herbert. 

A 

MoCormack,  Alexander  Leslie. 

D 

Mcintosh,  John  David. 

A 

McCormack,  Reynold  James. 

B 

Mcintosh,  WilUam  Henry. 

D 

McCormlck,  Alfred  Hugh. 

A 

Mcintosh,  William  Page. 

A 

McCormick,  Cornelius  Joseph. 

A 

Mclntyre,  Herbert  Bruce. 

S 

McCormick,  John. 

D 

McKechnie,  Frederick  Joseph. 

D 

McCormick,  John  Joseph. 

D 

McKeen,  Sylvester  Forshay. 

D 

McCormick,  Thomas  Joseph  Henry. 

A 

McKenna,  Frank  A. 

B 

M'Coy,  George  Madison,  Jr. 

A 

McKenna,  Francis  Patrick. 

B 

McCoy,  Hugh  Alexander. 

B 

McKenna,  James  Charles. 

D 

McCoy,  John  Cresap. 

A 

McKenty,  Jonathan  Thomas 

A 

McCrea,  Albert  James. 

Edmund. 

D 

McCnen,  Charles  Nicholas. 

A 

McKenzie,  John  Robert. 

D 

McCullongh,  Edward  Aloysius. 

D 

McKibben.  William  Watson. 

D 

McCurdy,  James  Huff. 

B 

McKinstry,  John  Alexander. 

D 

McDermott,  Bernard  Francis. 

D 

McKnlght,  Adam  Stephenson. 

D 

McDermott,  Joseph  Edward. 

A 

McKoan,  John  William. 

D 

McDermott,  William  Vincent. 

D 

McLaren,  Alexander  Lome. 

A 

McDevitt,  James  John. 

A 

McLaughlin,  James  Stephen. 

D 

McDonald,  Charles  Dearborn. 

A 

McLaughlin,  Ilenry  Valentine. 

A 

McDonald,  James  Athanaslas. 

A 

McLaughlin,  Joseph  Ignatius. 

D 

McDonald,  James  William. 

D 

McLaughUn,  Patrick  William. 

A 

McDonald,  John  Henry. 

A 

McLaughry,  Elizabeth. 

E 

McDonald,  Joseph. 

A 

McLean,  Charles. 

D 

McDonald,  Samuel  James. 

D 

McLean,  James  Clifford. 

A 

McDonald,  William  Alexander. 

B 

McLean,  Nonnan  Thomas. 

D 

McDonald,  William  Joseph. 

D 

McLean,  William  Corbett. 

B 

McDonough,  Thomas  Patrick. 

D 

McLellan,  Archibald  Colin. 

A 

McDongall,  Samuel  Jay. 

A 

McLellan,  Edward  Augustus. 

B 

McEvoy,  George  Albert. 

A 

McLennan,  Roderick. 

D 

McEvoy,  Thomas  Edward. 

D 

McLeod,  John  Ircott. 

D 

McFee,  William  David. 

A 

McLeod,  Percy  DeMille. 

D 

McGaffigan,  Bernard  Francis. 

D 

McLeod,  William  McKenzie. 

D 

McGann,  John  Henry. 

D 

McMann,  William  Henry. 

A 

McGannon,  Thomas  Gerald. 

A 

McMlchael,  Willis  Brooks. 

D 

McGanran,  George  Daniel. 

A 

McMillan,  Isaac  Murray. 

B 

McGauran,  George  Francis. 

D 

McMillan,  Kate. 

A 

McGauran,  Michael  Sheridan. 

D 

McMurray,  Francis  Michael. 

D 

McGee,  Fannie  Maria. 

D 

McNair,  Robert  Hamilton. 

D 

McGillicuddy,  Cornelius  Joseph. 

D 

McNally,  David  Albln. 

A 

McGllUcuddy,  John  Timothy. 

A 

McNally,  William  Joseph. 

D 

McGillicuddy,  Richard  Aloysius. 

D 

McNally,  William  Peter. 

D 

McGlnley,  Michael  Charles. 

D 

McNamara,  Edmund  James. 
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D 

McNamara,  Eugene  Thomas. 

D 

Merritt,  Victor  Sulvlro. 

D 

McNamara,  John  James. 

A 

Merry,  William  Henry. 

B 

McNamara,  Thomas  Francis. 

A 

Messer,  Charles  Carson. 

D 

McNeil,  Archibald. 

D 

MesBlnger,  Harry  Carleton. 

D 

McNeil,  Edmund  Johnson. 

A 

Metcalf,  Ben  Hicks. 

E 

McNelsh,  Alexander. 

B 

Metcalfe,  Stephen  Michael  Ryves. 

A 

McOwen,  Timothy  Edward. 

D 

Metzger,  Butler. 

A 

McOwen,  William  Henry. 

D 

Meyer,  Adolf. 

D 

McPherrton,  George  Edwin. 

D 

Meyer,  Edward  James. 

D 

McPherson,  Ross. 

D 

Meylan,  George  Louis  Jullen. 

A 

McPherson,  William  Ellsworth. 

D 

Mlddleton,  Willis  Johnson. 

D 

McQuaid,  Thomas  Bernard. 

A 

Mignault,  Armand. 

A 

McQueeney,  Francis  Joseph. 

A 

Mignault,  Arthur. 

D 

McSheehy,  Theobald  Coleman. 

D 

Mignault,  Louis  Joseph  Adolphe. 

D 

McSweeney,  Daniel  Justin. 

A 

Mignault,  Rodrique. 

D 

McWmiams,  John  Leslie. 

A 

Mignault,  Victor. 

D 

Mead,  Frederick  Amml. 

A 

Milan,  Michael  Bernard. 

A 

Mead,  George  Nathaniel  Plumer. 

A 

Miles,  Charles  Edwin. 

A 

Mead,  Julian  Augustus. 

A 

Miles,  George  Albert. 

D 

Mead,  Louis  Guy. 

A 

Millard,  Henry  James. 

A 

Mead,  William  Frederick. 

A 

Miller,  Albert  Eber. 

A 

Meader,  Charles  Eugene. 

A 

Miller,  Albert  Monroe. 

A 

Meagher,  Michael  John. 

A 

Miller,  Charles  Hermann. 

A 

Means,  Andrew  Fuller. 

D 

Miller,  Edward  Alexander. 

£ 

Means,  Philli>  Cory  don. 

A 

Miller,  Edward  Roscoe. 

D 

Meant,  Frank  Sherman. 

D 

Miller,  Elmer  Manton. 

D 

Medina,  Frederick  Emanuel. 

A 

Miller,  Ernest  Parker. 

D 

Medlar,  Faith  Curtis. 

B 

Miller,  Frances  Jane. 

D 

Meehan,  Patrick  Joseph. 

D 

Miller,  Harry  Clay. 

D 

Meek,  Edith  Kuth  Eliza. 

D 

Miller,  Henry  William. 

A 

Meeker,  George. 

D 

Miller,  James,  Jr. 

A 

Mehegan,  Daniel  Joseph. 

D 

Miller,  Jared  Homer. 

A 

Mehrenlender,  Albert  Nochlm. 

E 

Miller,  Lester  Colwell. 

D 

Meigh,  Joslah. 

A 

Miller,  Llzbeth  Dora. 

A 

Meigs,  Joe  Vincent,  Jr. 

A 

Miller,  Norman  Rogers. 

C 

Meigs,  Jonathan  (larding. 

D 

Miller,  Samuel  Osgood. 

A 

Meigs,  Keturn  Jonathan. 

A 

Miller,  Vesta  Delphlne. 

D 

Meikle,  Robert  Howard. 

A 

Miller,  Webster. 

E 

Melsenbach,  Roland  Otto. 

A 

MlUerlck,  Daniel  Edward. 

A 

Mellen,  William  Michael  Edward. 

A 

Millet,  Wilfred  Antonio. 

D 

Mello,  Antonio  Amor  de. 

A 

Millett,  Charles  Sumner. 

E 

Melius,  Edward. 

D 

Mllllken,  Charles  Warren. 

A 

Melius,  Edward  Llndon. 

D 

Mllllken,  Roscoe  Green. 

A 

Menard,  Anthyme  Sylvestre. 

A 

Mllllken,  William  Hardy. 

D 

Mendelsohn,  Louis. 

E 

Mills,  Augustus  Webster. 

D 

Mcramble,  Clarence  Eugene. 

A 

Mills,  George  Westgate. 

A 

Mercer,  William  James. 

A 

Mllot,  Alphonse  Francois. 

A 

Mercer,  William  Marcelllne. 

D 

Mllot,  Wilfred  Francois. 

D 

Mercler,  Joseph  EucHde. 

D 

Mlnard,  Ralph  Waldo. 

A 

Merrlam,  Frances  Adelaide. 

D 

Miner,  Jennie  Theodate. 

E 

Merrlam,  Franklin  Henry. 

A 

■  Miner,  Worthlngton  Warner. 

A 

Merrick,  Robert  Michael. 

A 

Mlnot,  James  Jackson. 

D 

Merrick,  i>ara  Newcomb. 

A 

Mlnot,  John  Francis. 

A 

Merrill,  Arthur  Ellsworth. 

D 

Minshall,  Arthur  Gladstone. 

D 

Merrill,  Quincy  Ilealil. 

A 

Mlntz,  Flshel  Tonchel  Zelmarowlch. 

D 

Merrill,  Theodore  Clarkson. 

A 

Mitchell,  Arthur. 

D 

Merrill,  Tristram  Hurd. 

A 

Mitchell,  Charles  Henry. 

A 

Merrill,  William  Howe. 

D 

Mitchell,  Ethel  Susanna. 

A 

Merritt,  Louis  Arthur. 

D 

Mitchell,  Harry  Walter. 

A 

Merritt,  Silas  Virgil. 

D 

Mitchell,  John  Joseph. 
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B 

Mitchell,  John  Singieton. 

A 

Morrill,  Henry  Brown. 

D 

Mitchell,  WllUam. 

A 

Morris,  Prances  Morris. 

D 

Mitchell,  William  Hiram. 

D 

Morris,  Frederick  Otis. 

A* 

Mitcbie,  James  Carey. 

A 

Morris,  George  Patrick. 

A 

Mixter,  Orlando. 

A 

Morris,  James  Stewart. 

A 

Mixter,  Samuel  Jason. 

A 

Morris,  John  Galvin. 

A 

Moffatt,  George  Tafton. 

A 

Morris,  Michael  Augustine. 

A 

Moffitt,  Carl  Walmer. 

D 

Morris,  Richard  Holt. 

A 

Moffitt,  Herbert  Charles. 

D 

Morris,  Robert. 

D 

Molr,  Archibald  Campbell  Milton. 

E 

Morrison,  Archibald  Benjamin. 

A 

Molin,  Isaac. 

D 

Morrison,  Charles  Carr. 

D 

Mollne,  Charles. 

A 

Morrison,  James. 

A 

Moll,  Louis  Arthur. 

A 

"Morrison,  Robert  Edgar. 

A 

Molleur,  Louis  Francois. 

D 

Morrison,  Robert  Francis. 

D 

Molter,  Herman  Louis. 

A 

Morrison,  William  Alexander. 

D 

Moomjian,  Sarkis  K. 

A 

Morrow,  Charles  Harvey. 

B 

Monahan,  John  Ambrose. 

D 

Morrow,  William  Robert. 

A 

Mongan,  Charles  Bdward. 

A 

Morse,  Abby  Swan. 

A 

Monks,  George  Howard. 

A 

Morse,  Almon  Gardner. 

D 

Monroe,  John  Eugene. 

A 

Morse,  Charles  Ellsworth. 

B 

Monroe,  Thomas  Wilson. 

A 

Morse,  Charles  Francis. 

D 

Montague,  Charles  Elbert. 

D 

Morse,  Charles  Frederick. 

D 

Montgomery,  Mary  Louise. 

A 

Morse,  Charles  Wheeler. 

A 

Monteiro,  Manuel  Garcia. 

A 

Morse,  Edward  Gilead. 

A 

Mooers,  Charles  Albert. 

A 

Morse,  Frank  Adelbert. 

A 

Mooers,  Emma  Wilson. 

A 

Morse,  Frank  I^eander. 

A 

Mooney,  Philip. 

A 

Morse,  Fred  Harris. 

D 

Moore,  Elmer  Ellsworth. 

D 

Morse,  Frederick  Otis. 

D 

Moore,  Frederick  Fiske. 

A 

Morse,  George. 

B 

Moore,  George  Andrew. 

B 

Morse,  George  Franklin. 

D 

Moore,  George  Colton. 

C 

Morse,  Henry  Lee. 

D 

Moore,  Harry. 

A 

Morse,  John  Aline  William. 

A 

Moore,  James  Herbert. 

B 

Morse,  John  Hinckley. 

D 

Moore,  James  Spencer. 

A 

Morse,  John  I^vett. 

D 

Moore,  John  Henry. 

A 

Morse,  Martin  Van  Buren. 

A 

Moore,  John  Patrick. 

D 

Morse,  Nathaniel  Niles. 

B 

Moore,  Philip  Patrick. 

A 

Morse,  Nathan  Ranson. 

D 

Mooring,  Scott  Webber. 

A 

Morse,  Robie  Sidney. 

A 

Moran,  Horace  Sheridan. 

D 

Morse,  Seth  Bradford. 

D 

Moran,  James  Joseph. 

D 

Morse,  Vernon  Harcourt  Chiproan. 

A 

Moran,  John  Brennan. 

D 

Morton,  Arthur  Oscar. 

A 

Moran,  Maitin  William. 

A 

Morton,  Helen. 

D 

Moran,  William. 

D 

Mosber,  Frank  Orson. 

D 

Morey,  Mary. 

D 

Mosher,  Harris  Peyton. 

A 

Morgan,  John. 

A 

Mosher,  Marshall  James. 

D 

Morgan,  John  Albert. 

A 

Mosher,  Mary  Edna. 

A 

Morgan,  Lewis  Edwin. 

D 

Mossman,  Aivaro  E. 

D 

Morgan,  William  Edward. 

A 

Mott,  Albert. 

D 

Morgner,  Richard  August. 

A 

Mott,  Walter. 

D 

Moriarty,  James. 

A 

Moulton,  Albert  Roscoe. 

D 

Moriarty,  James  Lignorl. 

D 

Moulton,  Arthur  Bertram. 

D 

Morln,  Harry  Franklin. 

A 

Moulton,  Charles  Fred. 

D 

Morin,  Jacob  Mauritz. 

D 

Moulton,  Star  Abner. 

A 

Moroney,  William  Joseph. 

A 

Mowe,  Frank  Henry. 

A 

Morong,  Arthur  Bennett. 

D 

Mowry,  Classen. 

A 

Morrill,  Charles  Plummer. 

D 

Moxom,  Philip  Wilfred  Travis. 

A 

Morrill,  Ferdinand  Gordon. 

A 

Mudge,  Kate  Gertrude. 

A 

MorriU,  Frank  Armington. 

D 

Mullen,  John  Henry. 

B 

Morrill,  Frederick. 

D 

Mullen,  Peter  James. 

B 

Morrill,  George  Albert,  Jr. 

D 

M filler,  Carl  Andreas. 

62 


REGISTRATION  IN  MEDICINE. 


[Jan. 


Official  List  of  Practitioners  of  Medicine  —  Continued. 


D  MUller,  Carl  Frederick. 

A  Mulligan,  James. 

D  Mullin,  Eatella  Loretta. 

D  Hulllner,  Mary  Rees. 

A  Mnlline,  Eugene  Norton. 

A  Mumford,  James  Gregory. 

D  Hunger,  William  Richard. 

A  Munhall,  Katharine  Stanislaus. 

D  Munro,  Catherine  Nisbet. 

D  Munro,  Cranswlck  Burton. 

D  Munro,  Henry  Warren. 

C  Munro,  John  Cummings. 

D  Munroe,  Harrington  Bennett. 

C  Munsell,  George  Nelson. 

A  Munson,  Virgil  Hitchcock. 

A  Murdock,  Edward  Arthur. 

D  Murdock,  Frederick  William. 

D  Murphy,  Arthur  Sterling. 

D  Murphy,  Charles  Augustus. 

A  Murphy,  Daniel  David. 

D  Murphy,  Edward  Frederick. 

D  Murphy,  Edward  Martin. 

B  •  Murphy,  Edward  Vincent. 

A  Murphy,  Emily  Frances. 

A  Murphy,  Francis  Charles. 

D  Murphy,  Frank  Augustine. 

D  Murphy,  Fred  Towsley. 

D  Murphy,  Jeremiah  Edward. 

A  Murphy,  John  Henry. 

A  Murphy,  John  McKonkey. 

A  Murphy,  Joseph  Briggs. 

C  Murphy,  Joseph  Patrick. 

E  Murphy,  Patrick  William. 

E  Murphy,  Stephen  Nicholas. 

D  Murphy,  Thomas  William. 

A  Murphy,  Timothy  Joseph. 

D  Murray,  Charles  Albert. 

A  Murray,  Edward  Francis. 

D  Musgrrave,  Percy. 

D  Musso,  George  Henry. 

A  Muttart,  George  Morley. 

E  Myers,  Edward  Everett. 

D  Myers,  Laura  Theodosia. 

E  Myers,  Samuel  William. 

D  Myers,  Solomon. 

D  Myles,  Leo  Thomas. 

D  Myrick,  Hannah  Glidden. 

D  Nagle,  Evelyn  Wyman. 

D  Nalcbajian,  Dikran  Davis. 

D  Narey,  William  Joseph. 

C  Nash,  George  William. 

A  Nash,  Horace  Milton. 

A  Nason,  Arthur  Clark. 

A  Nason,  Laurentius  Melancthon. 

A  Nason,  Osmon  Cleander  Baker. 

D  Naughton,  John  Philip. 

D  Nay,  Winfleld  Scott. 

A  Neal,  Charles  Arthur. 

D  Neale,  Lillian  Belle. 

A  Neefus,  Robert  Henry. 


D  Neilson,  John  Land. 

C  Neilson,  William. 

E  Nelligan,  John  Patrick. 

D  Nelson,  David. 

D  Nelson,  John  William. 

A  Nelson,  Lois  Leverett. 

E  Nelson,  Louis. 

D  Nelson,  William  Alexander. 

D  Nesbitt,  Thomas. 

B  NeuviUe,  Josephine  Mltlvter  de  la. 

A  Newcomb,  Elizabeth. 

B  Newcomb,  George  Lewis. 

D  Newcomb,  Marietta  Eaton. 

B  Newell,  Charles  Martin. 

A  Newell,  Frank  Samuel. 

D  Newell,  Franklin  SpUman. 

D  Newell,  Henry  Edward. 

A  NeweU,  OUs  Kimball. 

D  Newball,  Alden  Russell. 

D  Newhall,  Avery  Lester. 

A  Newhall,  Edward. 

A  Newhall,  Herbert  William. 

A  Newhall,  Lawrence  Thompson. 

D  Newman,  Elizabeth  Benham. 

B  Newman,  Leon. 

E  Newsome,  Edgar  Thomas. 

D  Newton,  Aaron  Lewis. 

D  Newton,  Carrie  E. 

A  Newton,  Edward  Cazneau. 

D  Newton,  Edward  Roswell. 

A  Newton,  Eleanor  Frost. 

A  Newton,  Frank  Ix>omiB  Sabln. 

D  Newton,  Leroy  Allan. 

A  Newton,  Sarah  Fenno. 

D  Newton,  WlUlam  Curtis. 

A  Nichols,  Arthur  Howard. 

B  Nichols,  Charles  Edward. 

A  Nichols,  Charles  Fessenden. 

A  Nichols,  Charles  Lemuel. 

A  Nichols,  Edward  Hall. 

D  Nichols,  George  Hayward. 

B  Nichols,  Helen  Luclnda  Clift. 

A  Nichols,  John  Holyoke. 

A  Nichols,  John  Taylor  Gilman. 

E  Nicholson,  Samuel  Alexander. 

A  Nickerson,  Asa  Harden. 

A  Nickerson,  Franklin. 

A  Nickerson,  George  Wheaton, 

E  Nickerson,  John  Peter. 

A  Nickerson,  William  Jabez. 

D  Nicol,  Philippe  Henri. 

D  Nicola,  Charles  Chesterfield. 

D  Nicola,  Mary  Byington. 

D  Nield,  William  Andrew. 

D  Nielson,  Edwin  BjSme. 

E  Nightingale,  James. 

A  Nlles,  Edward  Harry. 

D  Nilsson,  Peter. 

A  Nims,  Edward  Beecber. 

A  Niquette,  Louis  T>artholomew. 
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D 

Nlver,  Emmett. 

A 

O'Brien,  Owen  St.  Clare 

A 

Nixon,  Alfred  John. 

A 

O'Brien,  Pliillp  Thomas. 

A 

Nobile,  Angelo. 

D 

O'Brien,  Thomas  James. 

D 

Nobile,  Gaspare. 

D 

O'Brien,  Walter  John  Leo. 

A 

Noble,  Alfred  Ira. 

A 

O'Callaghan,  Denis  Francis. 

D 

Noble,  Anngenette  Fowler. 

A 

O'Callaghan,  Mary  Vincent. 

B 

Noka,  Benjamin  Gardner. 

D 

O'Connell,  Delia  Maria. 

D 

Nolan,  Frank  Wesley. 

E 

O'Connell,  George  Bernard. 

B 

Nolan,  William  Francis. 

A 

O'Connell,  John  David. 

D 

Nolen,  Walter  Freeman. 

D 

O'Connell,  Joseph  Cyril. 

B 

Noon,  John  Joseph. 

D 

O'Connor,  Charles. 

D 

Noonan,  Mary  Ellen. 

D 

O'Connor,  Denis  Francis. 

A 

Noonan,  Michael  Charles. 

A 

O'Connor,  James  Bernard. 

A 

NorcroBs,  Ernest  Freeman. 

D 

O'Connor,  John  Edward. 

A 

Nordstrom,  Cynthia  Maria. 

D 

O'Connor,  John  Francis. 

D 

Normand,  Jean  NapoUon. 

D 

O'Connor,  John  Henry. 

D 

Normandin,  Alphonse. 

A 

O'Connor,  John  James. 

A 

Normandin,  Louis  Zephirln. 

A 

O'Connor,  Thomas  Hugh. 

A 

Norris,  Albert  Lane. 

A 

O'Connor,  Watkins  Roberts. 

D 

Norrls,  Arthur  Perley. 

D 

O'Day,  George  Frederick. 

A 

Norris,  Sarah  Frances. 

D 

Odiome,  Walter  Burllngame. 

D 

Northrop,  Clarence  Clark. 

A 

Odlin,  Charles  Cushing. 

D 

Norton,  Chauncey  Williams. 

D 

O'Doherty,  John  Domlnaca. 

A 

Norton,  Eben  Carver. 

D 

O'Donnell,  Edmund  Emmet. 

A 

Norton,  Eliza  Bogart  Lawrence. 

A 

O'Donnell,  Francis  Michael. 

D 

Norton,  George  Edward. 

B 

O'Donnell,  (>eorge  Thomas. 

D 

Norton,  George  Paul. 

D 

O'Donnell,  James  Coughlln. 

D 

Norton,  Herbert  Kozelle. 

A 

O'Donnell,  Louis  Patrick. 

A 

Norton,  James  Saflford. 

B 

O'Donnell,  WiUiam. 

A 

Norwood,  Bphraim  Wood. 

D 

Ogden,  Charles  Ludlow. 

A 

Nottage,  Herbert  Percy. 

A 

Ogden,  Jay  Bergen. 

D 

Nowland,  George  Dunn. 

D 

Ogllvie,  James. 

A 

Noyes,  Ernest  Henry. 

D 

O'Heam,  Daniel  Aleyslnn. 

D 

Noyes,  John  Russell. 

D 

Ohneaorg,  Karl. 

D 

Noyes,  Margaret  Louise. 

A 

O'Keefe,  Michael  Wallace. 

A 

Noyes,  Nathaniel  Kingsbury. 

A 

O'Keeffe,  Daniel  Thomas. 

A 

Noyes,  Rufus  King. 

A 

Olds,  Frank  WiUiams. 

D 

Noyes,  Wilbur  Fiske. 

A 

O'Leary,  Helen  Bartlett. 

A 

Noyes,  William. 

A 

O'Leary,  Joseph  Augustus. 

B 

Nute,  Albert  James. 

A 

Olin,  Francis  Henry. 

D 

Nute,  Marion. 

B 

Olive,  Eben. 

D 

Nutt,  Walter  Elwyn. 

A 

Oliver,  Charles  Augustus. 

A 

Nutter,  William  Dennett. 

A 

Oliver,  James. 

D 

Nutting,  Frederick  Harrison. 

D 

Olloqul,  Marie  Jeanette  de. 

A 

Nutting,  William  Walaoe. 

A 

Olmstead,  Charles  Edward. 

A 

Nutting,  Will  Wallace. 

A 

Olmstead,  William  Adams. 

D 

Nye,  Harry  Royal. 

D 

O'Malley,  Edward  Francis. 

B 

Oak,  Charles  Arthur. 

A 

O'Meara,  Michael  John. 

D 

Cakes,  Fitz  Albert. 

D 

O'NeU,  John  Walsh. 

D 

Oakman,  Carl  Shepard. 

B 

O'Neil,  Richard  Frothlngham. 

B 

Ober,  Ralph  Beverley. 

D 

O'Neill,  Owen. 

D 

Ober,  Marlon  Helena. 

A 

Oppe,  Samuel. 

B 

O'Brien,  Charles  Thomas. 

D 

Ordway,  Charles  Anthony. 

B 

O'Brien,  Daniel  Paul. 

D 

Ordway,  Clarence  Eugene. 

A 

O'Brien,  Denis  Aloysius. 

A 

Ordway,  George  Albert.' 

D 

O'Brien,  John  Charles. 

B 

O'Regan,  John. 

A 

O'Brien,  John  Francis. 

D 

O'Reilly,  WilUam  Francis. 

D 

O'Brien,  Joseph  Jerlmla 

A 

O'Reilly,  William  Joseph. 

D 

O'Brien,  Loretta  Joy. 

D 

Orr,  Jane. 

B 

O'Brien,  Michael  John. 

D 

Orr,  Samuel  Sanford. 
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A  Oebome,  Aaron  Sylvanus. 

D  Osborne,  Caroline  Amelia. 

D  Osborne,  Ernest  Sumner. 

B  Osceonnco,  Charles  Edwin. 

A  Osgood,  George  Cowles. 

C  Osgood,  (leorge  Edward. 

A  Osgood,  Gil  man. 

A  Osgood,  Hamilton. 

A  Osgood,  James  Henry. 

D  Osgood,  Robert  Bayley. 

B  O'.Shea,  Daniel  Joseph. 

C  O'Shea,  Edward  Flavin. 

D  O'Khea.  Joseph  Francis. 

A  Osman,  Charles  Frank. 

A  O'KulUvan,  Daniel  Joseph. 

D  O'SuUivan,  John  Joseph. 

A  Otis,  Edward  Osgood. 

D  Otis,  Susanna. 

A  Otis,  Walter  Joseph. 

D  O'Toole,  Michael  James. 

D  O'Toole,  Thomas  Henry. 

A  Oti,  George  John. 

A  Otterson,  William  David. 

D  Outhouse,  John  Stanley. 

D  Overloek,  Melvln  George. 

A  Ovlatt,  George  Alexander. 

B  Owen,  James  Williamson. 

D  Owen,  Mary  Angell. 

A  Owen,  Varlllas  Linus. 

A  Packard,  Edward  Albert. 

D  Packard,  Francis  Sylvester. 

D  Packard,  Frederic  Henry. 

D  Packard,  George  Henry. 

A  Packard,  Horace. 

D  Packard,  Lorlng  Bradford. 

A  Packer,  Edmund  Hilliard. 

D  Packer,  George  William. 

D  Packer,  Henry  Ernest. 

D  Paddock,  Brac«  Whitman. 

A  Paddock,  William  Leroy. 

B  Padelford,  Frank  Mason. 

A  Padula,  Thomas  Francis. 

A  Page,  Albert  Kidder. 

C  Page,  Calvin  (Vates. 

B  Page,  Charles  Edward. 

A  Page,  Charles  Whitney. 

A  Page,  Charlotte  Evans. 

A  Page,  Edward. 

A  Page.  Frank  Wilfred. 

D  Page,  Frederick  Carroll. 

D  Page,  (jeorge  Thornton. 

A  Page,  Har stein  Wendell. 

D  Page,  Joseph  Gregory  Ellas. 

B  Page,  Margaret  Beulah. 

D  Page,  Pelrson  Sterling. 

B  Pagliuca,  Frank  Anthony. 

A  Paige,  Nomns. 

D  Paine,  Alonzo  Kingman. 

A  Paine,  Amasa  Elliot. 

F  Paine,  Ara  Marshall. 


A  Paine,  Nathaniel  Emmons. 

D  Painter,  Charles  Fairbank. 

A  Palardy,  Joseph  Hector. 

D  Palecek,  Albina  Marie. 

D  Palfrey,  Francis  Wilson. 

A  Palmer,  Ezra. 

A  Palmer,  (Jcorge  Monroe. 

A  Palmer,  Lewis  Merritt. 

A  Palmer,  Sarah  Ellen. 

B  Paplneau,  Louis  Joseph. 

D  Paquin,  Elzear. 

D  Paquin,  I  balde. 

A  Parcher,  George  Clarence. 

D  Pariaeau,  William. 

A  Park,  Francis  Edwin,  Jr. 

A  Park,  Isaac  Park. 

A  Park,  James  Timothy. 

A  Park,  John  Gray. 

D  Park.  Osmond  Franklin. 

D  Parker,  Albert  Munro. 

B  Parker,  Arthur  Holmes. 

A  Parker,  Charles  Edwin. 

D  Parker,  David  Woodbury. 

D  Parker,  Edward  Grahame. 

D  Parker,  Edward  Oliver. 

A  Parker,  Edwin  Monroe. 

B  Parker,  Ernest  Kent. 

D  Parker,  Ernest  Lawrence. 

A  Parker,  Francis  Fullam. 

A  Parker,  Frank  Howard. 

A  Parker,  Harriet  Eliza. 

D  Parker,  Helen  Schlesinger. 

D  Parker,  Henry  Caldwell. 

C  Parker,  Henry  Ward. 

D  Parker,  Jabez  Sparks. 

D  Parker,  John  Howard. 

A  Parker,  Moses  Greeley. 

D  Parker,  Ralph  Walter. 

A  Parker,  Kufus  Stanly. 

A  Parker,  Rupert  William. 

D  Parker,  Walter  Henry. 

A  Parker,  Wallace  Asahel. 

A  Parker,  William  Thornton. 

D  Parkhnrst,  Daniel  Burleigh. 

A  Parkhurst,  Luman  Boyden. 

A  Parks,  Edward  Luther. 

A  Parks,  John  Wilson. 

D  Parks,  Margaret. 

A  Parks,  Silas  Henry. 

A  Parmalee,  William  Josiah. 

D  Parmenter,  Kenneth  Raymond. 

D  Parodi,  Teofllo. 

D  Parr,  John. 

B  Parrls,  John  Bowers. 

D  Parry,  Eleanor. 

D  Parsons,  Payn  Bigelow. 

D  Parsons,  Clarice  Johnston. 

D  Parsons,  Frank  Sears. 

A  Parsons,  Harry  Snow. 

A  Parsons,  John  Eleazer. 
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D  Paitree,  Homer  Tomlinson. 

A  Partridge,  Charles  Catlin. 

A  Partridge,  Frank  Joseph. 

A  Partridge,  Thomas  Jefferson. 

D  Pascoe,  James  Botterell. 

A  Pascoe,  William  Wbelan. 

A  Passoff,  Edward  Jacob. 

D  Pastene,  Albert  Angelo. 

D  Patch,  Ann  Sophia  Kenney. 

A  Patch,  Frank  Wallace. 

D  Patch,  Jennie  June. 

A  Patch,  William  Thurston. 

A  Patenande,  Samuel. 

B  Patrick,  Joseph  Edward. 

A  Patrick,  Thomas  William. 

D  Pattee,  Asa  Lee. 

A  Patten,  Anthony  Dimock. 

D  Patten,  Stephen  Kerr. 

D  Patterson,  Agnes  Christy. 

A  Patterson,  Alice  Maria. 

D  Patterson ,  A  lice  Zelia. 

S  Patterson,  Belle  French. 

D  Patterson,  Charles  Frederick. 

A  Patterson,  David  Nelson. 

O  Patterson,  William  Francis. 

D  Patton,  Lawrence  Finney. 

D  Paul,  Luther  Gordon. 

A  Paul,  Walter  Everard. 

D  Paul,  WiUard  Augustus. 

A  Paulhus,  Ovide  Maxime. 

A  Paulig,  Frederick  August, 

D  Panll,  Chester  Alpheus. 

D  Paulsell,  Mary. 

A  Paun,  Amos  Bos  worth. 

D  Pavltdes.  Demosthenes. 

A  Payne,  George  Harkness. 

A  Payne,  James  Henry. 

A  Payne,  James  Henry,  Jr. 

A  Payne,  John  Howard. 

D  Peabody,  Anna  Howe. 

A  Peabody,  Charles  Augustus. 

D  Peabody,  Sophia  Keed. 

D  Pearce,  Arthur  Cushlng. 

D  Pearce,  Mary  Alice. 

A  Pearce,  Kichard  Mills. 

D  Pearl,  Frederick  Wai-ren. 

D  Pearson,  Charles  Lusby. 

A  Pearson,  John  William. 

A  Pearson,  Mary  Morey. 

A  Pearson,  Maurice  Welleslcy. 

E  Pearson,  William. 

D  Pease,  C  harles  Valentl  ue . 

D  Pease,  Charles  Wood. 

A  Pease,  Edward  Allen. 

D  Pease,  Ella  Gertrude. 

A  Pease,  Herbert  Orrln. 

A  Pease,  James  Milton. 

D  Pease,  Lewis  Waite. 

A  Peasley,  Emma  Janet. 

A  Peck,  Albert  Fred. 


D 

Peck,  Eugene  Chase. 

D 

Pock,  Luke  Baker. 

D 

Peck,  Roy  Hamilton. 

D 

Peck,  WUlena  Abby. 

A 

Peckham,  Anson  Churchill. 

A 

Peckham,  Katherlne  Fenner. 

D 

Peckham,  William  David. 

C 

Pedrlck,  Stephen  Augustus. 

D 

Peebles,  Thomas  Chalmers. 

D 

Peggs,  Harry  MacDonald. 

A 

Peirce,  Amos  Hagar. 

A 

Pelrce,  Charles  John. 

A 

Peirce,  Edward. 

A 

Pelrce,  Elihu  Proctor. 

E 

Peirce,  Frederic  Joseph. 

D 

Peirce,  George  Alpbonso. 

A 

Peirson,  Edward  Lawrence. 

D 

Pelletier,  Alfred  Georges. 

D 

Pelletler,  Joseph  Edouard. 

D 

Pender,  George  Edward. 

D 

Pendleton,  Ernest  Raymond. 

D 

Penny,  Herbert  Thomas. 

D 

Percy,  David  Thomas. 

A 

Percy,  Frederick  Bos  worth. 

A 

Percy,  George  Emery. 

D 

Perkins,  Alfred  Raymond. 

D 

Perkins,  Anne  Elizabeth. 

A 

Perkins,  Archie  Elmer. 

A 

Perkins,  Ctiarles  Edwin. 

D 

Perkins,  E1)en  Meade. 

A 

Perkins,  Henry  Phelps,  Jr. 

B 

Perkins,  Herbert  Crawford. 

A 

Perkins,  Nathaniel  Royal. 

A 

Perkins,  Stella  Manning. 

A 

Perkins,  Thomas  Lyman. 

D 

Perkins,  Thomas  Tounge. 

A 

Perkins,  Wesley  Bennor. 

D 

Perley,  Roscoe  Damon. 

A- 

Perrins,  John. 

A 

Perrins,  William  Arthur. 

A 

Perry,  Arthur  Pedro. 

D 

.  Perry,  Arthur  Reed. 

D 

Perry,  Charles  Freeman. 

A 

Perry,  Charles  Homer. 

A 

Perry,  Eben  Greelev. 

D 

Perry,  Edward  Franklin. 

A 

Perry,  Edward  William. 

A 

Perry,  George  Lewis. 

D 

Perry,  Henry  Joseph. 

A 

Perry,  Herbert  Brainerd. 

C 

Perry,  Joseph  Frank. 

D 

Perry,  Lillian  Oarabrant. 

A 

Perry,  Martha. 

D 

Peters,  William  Chute. 

D 

Petersen,  Alfred  Charles  Nicholas. 

A 

Petersen,  Henrlk  Georg. 

A 

Peterson,  Charles  Augustus  Burton . 

D 

Peterson,  John  Adna. 

A 

Petit,  Alphonse  Hubert. 

D 

Petluck,  Joseph. 
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D  Pett,  Alfred  WlUlara. 

D  Pettee,  John  Harris. 

D  Pettl^rrew,  Klcbard  Richardson. 

A  Pfaff ,  Franz  Ludwlg  Frledrlch  Ernst 

D  Pfarre,  Edward  Robert. 

B  Pfelferkom,  Charles  Hermann. 

A  Pfefferkom,  Ferdinand  Carl 

Ludwig. 

B  Pfelffer,  Jens  Panlua  Immanael. 

B  Phelps,  James  Richardson. 

A  Phelps,  John  Samuel. 

E  Phelps,  Joseph  Royal. 

A  Phelps,  Olney  Windsor. 

B  Phillimore,  Frederick  George. 

D  Phillips,  Charles  Henry. 

A  PhlllipB,  Charles  Hiram. 

D  Phillips,  Charles  Winfleld. 

A  PhiUips,  Eugenie  Marion. 

D  Phillips,  I<>ank  Elmer. 

B  Phillips,  Freeman  Allen. 

D  Phillips,  John  Charles. 

D  Phillips,  William  Converse. 

D  PhiUips,  William  Bugarde. 

D  PhiUips,  WUson  Frank. 

A  Phippen,  Hardy. 

D  Phippen,  Walter  Gray. 

A  Phipps,  Walter  Andros. 

D  PicJ^ard,  Isaiah  Lovell. 

A  Pierce,  Andrew  Martin. 

C  Pierce,  Appleton  Howe. 

E  Pierce,  Charles  WllUrd. 

A  Pierce,  Frank  BenneviUe. 

D  Pierce,  George  Burgess. 

B  Pierce,  George  Jacob. 

A  Pierce,  Helen  Frances. 

A  Pierce,  Matthew  Vassar. 

A  Pierce,  Wlllard  Henry. 

D  Pierson,  Frederick  Harrison. 

A  Pierson,  Henry  Walter. 

D  Pierson,  John  Corbin. 

A  Pigeon,  James  Cogswell  Duma- 

resqne. 

D  Pike,  FoiTest  Fay. 

A  Pike,  Forrest  W^Uey. 

A  Pike,  Lucy  Johnson. 

D  Pike,  Winfred  Carle. 

D  PiUing,  Simeon  Orison. 

E  PUlsbury,  Boyden  HarUn. 

D  PUlsbury,  Ernest  Dean. 

E  PUlsbury,  Frederick  Ains worth. 

A  PlUsbury,  George  Harlin. 


A  Pitkin,  Leonard  Fox. 

A  Pitman,  Benjamin  Fosdick. 

A  Pitt,  Thomas  Smith. 

D  Pitta,  Joao  Carlos  da  Silva. 

A  Plxley,  Elbridge  Simpson. 

D  Place,  Ralph  Waldo. 

E  Plainfleld,  Mark  Henry. 

A  Piatt,  Belle  Joanna. 

E  Pleau,  Louise  Beatrice. 

A  Plimpton,  Lewis  Henry. 

A  Plummer,  Edward  Marwlck. 

D  Plummer,  Francis  Joseph. 

C  Plummer,  Frank  Wentworth. 

D  Plummer,  Frederic  Howard. 

C  Plummer,  Henry  Lincoln. 

A  Plummer,  Julia  Morton. 

D  Plummer,  Paul. 

E  Plankett,  Harold  Brabazon. 

A  Plnnkett,  John  Lawrence. 

E  Pofcher,  Ellas  Harry. 

D  Polrler,  Alfred. 

A  Poirier,  Bmile. 

D  Poirier,  Horace. 

E  Poltras,  Joseph  Francois  Xayler. 

A  PoUock,  Lewis  Lawrence. 

A  Pomerat,  Charles  Marlus. 

D  Pomeroy,  Harris  Starr. 

A  Pomeroy,  Hiram  Sterling. 

A  Pomeroy,  Stephen  Franklin. 

A  Pomeroy,  William  Henry. 

D  Pond,  Bernard  Wesley. 

D  Pond,  Eleanor  Dorcas. 

A  Pool,  Charles  Bret. 

E  Poole,  Alva  Emory. 

B  Poole,  Florence  Faulkner. 

A  Poole,  George  Fred. 

D  Poor,  George  Ernest. 

D  Pope,  Ernest  Folger. 

A  Pope,  Frank  Fletcher. 

A  Pope,  Irvine  Clarendon. 

A  Porter,  Charles  Allen. 

A  Porter,  Charles  Bumham. 

C     .  Porter,  Charles  Ilsley. 

D  Porter,  Elhuibeth  D wight. 

A  Porter,  Francena  Elizabeth. 

A  Porter,  Francis  Edward. 

D  Porter,  Fred  Knight. 

D  Porter,  Herbert  Kent. 

D  Porter,  Margaret  Cochran  Dewar. 

A  Porter,  Omer  PUlsbury. 

D  Porter,  Robert  Brastow. 


D 

PUlsbury,  Warren  Wilbur. 

D 

Porter,  WUliam  James. 

D 

Plnault,  Joseph  Josu6. 

A 

Post,  Abner. 

B 

Plnkham,  Arthur  Clarance. 

E 

Pote,  Leonard  H olden. 

A 

Pinkham,  George  Edwin. 

A 

Pothler,  Joseph  Charles. 

A 

Plnkham,  Joseph  Gumey. 

D 

Potter,  Alexander  Carleton. 

A 

Piper,  Frank. 

D 

Potter,  Frances  Wason. 

D 

Piper,  Fred  Smith. 

A 

Potter,  La  Forrest. 

A 

Pitcher,  Herbert  Frank. 

D 

Potter,  Lester  Forest. 

A 

Pitcher,  Samuel. 

D 

Potter,  PhUlp  Sheridan. 

1905.] 


PUBLIC  DOCUMENT  — No.  56. 


67 


Official  List  of  Practitioners  of  Medicine  —  Gontinued. 


A  Potter,  William  Gage. 

A  Potts,  Joseph  Henry. 

A  Poulln,  Damase  Mark. 

D  Pound,  John  C. 

D  Powell,  Jonathan  Rider,  Jr. 

D  Powell,  Lefferts  Morrell. 

A  Powers,  Abner  Howard. 

A  Powers,  Edward  Joseph. 

D  Powers,  Herbert  Hale. 

D  Powers,  William  Joseph. 

A  Pratt,  Calvin. 

A  Pratt,  Charles  Albert. 

A  Pratt,  Charles  Angustns. 

B  Pratt,  Edwin  Alton. 

D  Pratt,  John  Edward. 

A  Pratt,  John  Frank. 

A  Pratt,  John  Washburn. 

D  Pratt,  Joseph  Hersey. 

B  Pratt,  Samuel  Barker. 

B  Pratt,  Thomas  Choate. 

A  Preble,  Wallace. 

D  Prifontaine,  Lonls  Aur^le. 

A  Prentiss,  Harold  Townsend. 

A  Prentiss,  Henry  Conant. 

D  Prentiss,  Ralph  Newbury. 

A  Presbrey,  Silas  Dean. 

A  Prescott,  Charles  Dudley. 

D  Prescott,  Henry  Dudley. 

A  Prescott,  William  Herbert. 

D  Preston,  James  Louis. 

D  Prevaux,  John  Jacob. 

B  Preyett,  Joseph. 

D  Price,  Oscar  Jay. 

D  Price,  Walter  Herbert. 

B  Priest,  Herbert  Bancroft. 

A  Primeau,  Narcisse  Arthur. 

D  Prince,  Calvin  Oliver. 

A  Prince,  Morton  Henry. 

A  Prindle,  Charles  kenry. 

A  Prior,  Charles  Edwin. 

D  Prior,  James  Edward. 

D  Prior,  James  Howland. 

D  Prisco,  Nicola. 

E  Pritchard,  William  Perclval. 

A  Procter,  Percy  Clement. 

A  Procter,  Thomas  Walter. 

A  Proctor,  Francis  Ingersoll. 

B  Proctor,  Hannah  Maria. 

D  Proctor,  John  Donald. 

E  Proctor,  Joseph  Whipple. 

A  Proulx,  Jean  Thomas  Philias. 

A  Prouty,  Albert  Henry. 

C  Provan,  Robert. 

D  Provandie,  Paul  Hector. 

D  l*ulsifer,  Thomas  Benton. 

A  Purcell,  Thomas  Aquinas. 

D  Purdy,  Frank  Le  Roy. 

D  Purinton,  Herbert  Harmon. 

D  '  Purvis,  Alice  Hatheway. 

D  Purvis,  Charles  Burleigh. 


A  Putnam,  Charles  Pickering. 

D  Putnam,  Charles  Russell  Lowell. 

C  Putnam,  Charles  Willis. 

D  Putnam,  Frank  Wendell. 

A  Putnam,  James  Jackson. 

A  Putnam,  Joseph  Morrill. 

D  Putnam,  Marion  Zacharlah. 

A  Putnam,  Mary  Parks. 

D  Putnam,  Ralph. 

A  Putnam,  Thomas  Joy. 

A  Putnam,  WMllard  Abram. 

A  Qua,  Lester  Robert. 

A  Quackenboss,  Alexander. 

D  Quessy,  Alfred  Henry. 

D  Qulmby,  Charles  Morris. 

A  Qulmby,  Sumner  Ferdinand. 

A  Qulnby,  Hosea  Mason. 

E  Quinby,  William  Carter. 

D  Quinlan,  Henry  Francis. 

D  Quinn,  John  Joseph. 

A  Quint,  Norman  Perkins. 

D  Rubergh,  Herman. 

A  Rabethge,  Charles  Armand. 

A  Rabinovich,  Helen. 

D  Rabinowltz,  Solomon. 

D  Racine,  Ernest  Eus^be. 

D  RadcMff,  Sue. 

A  Raddln,  Fi-ederick  Stocker. 

D  Ramos,  Frank  Inkerman. 

E  Ramsey,  Frank  William. 

A  Rand,  John  Prentice. 

A  Rand,  John  William. 

A  Rand,  Nehemiah  Wheeler. 

A  Rand,  Richard  Baxter. 

D  Randall,  Arthur  Theodore. 

B  Randall,  Charles  H. 

A  Randall,  Charles  Lawrence. 

D  Randall,  Clifford  Walcott. 

A  Randall,  Francis  Drew. 

D  Randall,  George  Merrill. 

B  Randell,  Otis  Gray. 

A  Rankin,  Thomas  David. 

D  Ranks,  Walter  Hildreth. 

A  Ranney,  Archibald. 

D  Ransom,  Eliza  Taylor. 

0  Ransom,  Nathaniel  Morton. 

B  Rappoport,  Abraham. 

A  Rarsch,  Harriet  Eleanor  Lothrop. 

D  Ravich,  Simon. 

A  Rawson,  Charles. 

A  Rawson,  George  Wallace. 

C  Ray,  John  Edward. 

D  Raymond,  Charles  Nevier. 

D  Raymond,  Loring  Hay. 

A  Raymond,  Richard  Michael. 

D  Raynes,  Myrton  Berry. 

E  Read,  Fayette  Edmund. 

D  Read,  WiUard  Fulton. 

D  Reagh,  Arthur  Lincoln. 

D  Rearden,  Thomas  Francis. 
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D  Reardon,  Daniel  Bartholomew. 

D  Reardon,  TimoUiy  Joseph. 

D  Record,  Wellington. 

D  Reddy,  Joseph  Warren. 

A  Redfeam,  Joseph. 

A  Redmond,  James  WiJliam. 

D  Redmond,  Thomas  Henry. 

A  Reed,  Albert  Church. 

A  Reed,  Andrew  Fairfield. 

C  Reed,  Asa  Pin|p%e. 

D  Reed,  Caroline  Thyng. 

A  Reed,  Clara  Deborah  Whitman. 

A  Reed,  Robert  Gates. 

A  Reed,  Thomas  Greeuhalgh. 

D  Reed,  Victor  Augustus. 

D  Reed,  William  Edward. 

A  Reed,  William  Oilman. 

B  Reeder,  Albert. 

D  Rees.  Hees  Bynon. 

A  Reeves,  Harriet  Blmlra. 

D  Reeves,  Marcel  1  us. 

D  Register,  Walter  Roland. 

D  Reid,  Eustace  Palmer. 

B  Reld,  Francis  Walsh. 

D  Reid,  Isidore  Eugene  Rosen  stein. 

A  Reld,  Robert  Alexander. 

D  Rellly,  Charles  Francis. 

D  Reilly,  James  Aloysius. 

D  Rellly,  Thomas  Ignatius. 

D  Reis,  Frederick. 

D  RemiUard,  Joseph  Laury. 

A  Remington,  John  Alfred. 

B  Rencurrel,  Manuel  Emile. 

A  Reynolds,  Edward. 

A  Reynolds,  Henry  Voue. 

B  Reynolds,  Hiram  Creamer. 

C  Reynolds,  John  Phillips. 

A  Rhoads,  George. 

D  Rhodes,  Frank  Edson. 

A  Rice,  Albert  James. 

A  Rice,  Albert  Raymond. 

E  Rice,  Alexander  Hamilton. 

D  Rice,  Alger  William. 

B  Rice,  Austin  Bradford. 

D  Rice,  Carrie  Elizabeth. 

A  Rice,  Charles  Henry. 

A  Rice,  Frederick  Wlnslow. 

D  Rice,  Florence  Frances. 

A  Rice,  George. 

A  Rice,  George  Brackett. 

A  Rice,  George  Le  Roy. 

A  Rice,  Harry  Edwin. 

E  Rice,  Robert  A  stley. 

D  Rice,  Thomas. 

D  Rice,  Walter  Henry. 

D  Rich,  Charles  Edwin. 

E  Rich,  Edwin  Willis. 

A  Rich,  Frank  Trbanns. 

D  Rich,  Herbert  Lowell. 

D  Richard,  Alfred  Edouard. 


A  Richard,  Marcel. 

A  Richards,  Caroline  Maria. 

A  Richards,  George  Edwards. 

A  Richards,  George  Lyman. 

D  Richards,  Karle  Taylor. 

A  Richards,  William. 

A  Richardson,  Anna  Gove. 

A  Richardson,  Benjamin  Franklin. 

D  Richardson,  Charles  Harper. 

D  Richardson,  Dana  Putnam. 

A  Richardson,  Edward  Blake. 

D  Richardson,  Elizabeth  May. 

A  Richardson,  Emily  Metcalf. 

E  Richardson,  Francis  Allen. 

A  Richardson,  Frank  Chase. 

D  Richardson,  Joseph  Warren. 

A  Richardson,  Mark  Wyman. 

A  Richardson,  Maurice  Howe. 

A  Richardson,  William  Lambert. 

A  Richardson,  William  Shedd. 

A  Richmond,  Ernest  Dalton. 

E  Richmond,  Fred  Marcy. 

D  Richmond,  Ivus  Irvln. 

D  Richmond,  Lauriston  Amaziah. 

D  Richmond,  Mary  Lovejoy. 

D  Richmond,  Simon. 

A  Ricketson,  Arthur. 

D  Rideout,  Herman  Leslie. 

D  Riemer,  Hugo  Bruno  Charles. 

D  Riley,  Elizabeth  Angela. 

A  Riley,  John  Henry. 

E  Riley,  William  Norton. 

A  Ring,  Allen  Mott. 

D  Ring,  Arthur  Hallam. 

D  Ring,  Barbara  Taylor. 

B  Rlopelle,  Alexander  Joseph. 

D  Rlordan,  Walter  Daniel. 

A  Ripley,  Frederick  Jerome. 

D  Ripley,  Horace  Greeley. 

A  Ripley,  William  King. 

B  Ripley,  William  LItUefleld. 

D  Ritter,  Henry. 

C  Rix,  Frank  Reader. 

D  Roach,  George  Ernest. 

D  Robb,  William  Matthews. 

D  Robblns,  Chandler. 

A  Robblns,  Elliott  Daniel. 

D  Robblns,  Elmer  Ellsworth. 

D  Robbins,  Eugene  Stanley. 

A  Robbins,  Fred  Gibson. 

D  Robbins,  Fred  McAuslan. 

D  Robbins,  Frederick  Carver. 

A  Robbins,  James  Henry. 

D  Robbins,  Michael  Uriah. 

D  Robbins,  William  Bradford. 

B  Robert,  Albert  Napoleon. 

£  Robert,  George  Clovls. 

A  Roberts,  Dolphin  Pemanders. 

D  Roberts,  Frank  Eugene. 

D  Roberts,  Frederick  Albert. 
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.D  Uoberts,  Frederick  Alpha. 

A  Kobertfl,  George  Kerr. 

A  Roberts,  Henry  Ambrose. 

A  Roberts,  Isaac  Lincoln. 

A  Roberts.  Llnneus  Alton. 

B  Roberts,  Laclus  Warren. 

D  Roberts,  Oscar  Brown. 

A  Roberts,  Oscar  Samuel. 

A  Roberts,  Osc^r  Waldo. 

A  Roberts,  Osmon  Osmore. 

D  Roberts,  Stephen  Martindale. 

D  Roberts,  William  Frederick. 

I)  Robertson,  Frederick  McNaugh- 

ton. 

A  Robertson,  James  Douglas. 

D  Robertson,  Wilbur  Burdett. 

C  Robey.  William  Henry,  Jr. 

A  Roble,  Walter  Franklin. 

A  Robinson,  Albert  Brown. 

A  Robinson,  Alexander  Lincoln. 

D  Robinson,  Ernest  Franklin. 

A  Robinson,  Ernest  Frederick. 

A  Robinson,  Florence  Nightingale. 

D  Robinson,  PYancis  Arnold. 

D  Robinson,  Fred  HlUlard. 

D  Robinson,  Fred  Israel. 

D  Robinson,  Harry  Pringle. 

D  Robinson,  Herbert  Winslow. 

D  Robinson,  James  Arthur. 

D  Robinson,  Joseph. 

D  Robinson,  Joseph  Alexander. 

A  Robinson,  Joseph  Henry. 

A  Robinson,  Lucy  Morton. 

D  Robinson,  Mary  Emma  Bliss. 

B  Robinson,  Millard  Lyman. 

D  Robinson,  Philip  Katon. 

D  Robinson,  Samuel. 

A  Robinson,  Thomas  Johns. 

A  Robinson,  Wllhelmus  Bogart. 

A  Robinson,  William  Henry. 

D  Robinson,  William  Perry. 

E  Robison,  Alice  Anna. 

I)  Robson,  Charles  Edward. 

D  Roche,  Thomas  Francis. 

D  Rochette,  Edward  Charles. 

A  Rochette,  Louis  Victor. 

D  Rockafellow,  John  Chester. 

B  RockweU,  Alfred  Elijah  Perkins. 

D  Rockwell,  Herbert  George. 

A  Rockwell,  John  Arnold. 

D  RockweU,  John  Arnold,  Jr. 

I)  Rockwell,  Marion  Balfour  Mar. 

shall. 

D  Rod  rick,  Albert  Fowler. 

B  Roff,  Moses. 

A  Rogers,  Albert  Edward. 

D  Rogers,  Charles  Cummlngs. 

D  Rogers,  Charles  Eugene. 

A  Rogers,  Charles  Rufus. 

B  Rogers,  Daniel  Eastman. 


A  Rogers,  Frank  Alvln. 

D  Rogers,  Gorham  Davis. 

I)  Rogers,  John  Conway,  Jr. 

D  Rogers,  Mark  Homer. 

A  Rogers,  Orvllle  Forrest, 

B  Rogers,  Triton  Raphel. 

A  Rohrer,  Sofler  Rudolf. 

A  Rolfe,  WiliUm  Alfred. 

A  Rollins,  Charlotte  Abbie. 

E  Rollins,  Edwin  Theodore. 

A  RolUns,  William  Herbert. 

D  Rome!,  Trolano. 

D  Rood,  Luther  Colby. 

B  Root,  Alice  Luclnda. 

B  Root,  John  Reynolds. 

A  Root,  Richmond  Barbour. 

D  Rosa,  Henry  Antonio. 

B  Roscoe,  Tom. 

E  Rose,  Alw^yn. 

A  Rose,  Daniel  Campbell. 

D  Rose,  Julius  Townsend. 

D  Rose,  William  Henry. 

E  Rose,  William  Milton. 

A  Roseman,  Milton  Joseph. 

D  Rosenfeld,  Bertha  Agnes. 

E  Rosenthal,  Charles. 

D  Ross,  Ellsworth  Frank. 

D  Robs,  Frank  Augustus. 

A  Ross,  (ieorge  Ivison. 

D  Ross,  Lydia. 

D  Ross,  Robert  Oswald. 

D  Ross,  Walter  Howard. 

B  Rosson,  Emma. 

A  Rotch,  Thomas  Morgan. 

A  Roth,  Edward. 

D  Rotheram,  Marie  Cecelia. 

D  Rothfuchs,  Charles  Christian. 

D  Rothwell,  Charles  Robert. 

D  Rotondi,  Leopoldo  Francesco. 

A  Roulier,  Jacobum  Phillippe. 

A  Round,  Arthur  Morey. 

D  Rounds,  Daniel  Willis. 

D  Rounds,  George  Herbert. 

A  Rourke,  Joseph  Edward. 

A  Routhier,  Michael  Omer. 

A  Rovinsky,  Alexander. 

A  Rowe,  Alice  Eliza. 

A  Rowe,  George  Howard  Malcolm. 

C  Rowen,  Henry  Stanislaus. 

D  Rowland,  Russell  Sturgis. 

A  Rowley,  William. 

A  Roy,  James  McDonald. 

D  Roy,  Joseph  Ferdinand  Elzear. 

A  Roy,  Joseph  Hormldas. 

D  Roy,  Joseph  Napoleon. 

D  Roy,  Joseph  Napoleon. 

A  Roy,  Louis  Joseph. 

A  Roy,  Pramath  Nath. 

A  Royal,  Herbert  Benjamin. 

A  Ruddick,  William  Henderaon. 
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D 

Ruggtes,  Edwin  Parkenham. 

A 

A 

Kugglea,  Wlllard  Osman. 

D 

I) 

Ramrill,  Samuel  Dudley. 

D 

D 

Rundlett,  David  LlvlngBton. 

A 

A 

RunnellB,  Andrew  Jackson. 

D 

A 

Ruppel,  Emll  Carl  Fraeer. 

D 

A 

Ruppel,  Myra  Daniel  Allen. 

D 

C 

Kuseegue,  Henry  Elmore. 

D 

D 

Russell,  Edward  Eryin. 

A 

I) 

Russell,  Edward  Mark. 

D 

A 

Russell,  Flora  Smith. 

D 

D 

Russell,  Frederick  James. 

D 

A 

Russell,  Frederick  William. 

A 

A 

Russell,  John  Henry. 

A 

B 

Russell,  John  Perkins. 

C 

C 

Russell,  Julia  Ann  Bray. 

A 

C 

Russell,  Simon  James. 

A 

A 

Russell,  Truemnn  Everett. 

D 

D 

Russell,  Walter  Aloyslus. 

D 

D 

Russell,  Walter  Burton. 

D 

A 

Russell,  William  Henry. 

A 

D 

RusseU,  Willis  Adams. 

D 

B 

Rust,  Charles  Manning. 

D 

D 

Rust,  Frank  Lee  Drummond. 

P 

D 

Ruston,  Warren  Dunn. 

D 

D 

Rutter,  Clara  Hannah  Rogers. 

D 

D 

Ryan,  Dennis  Matthew. 

D 

D 

Ryan,  George  Whltehouse. 

A 

A 

Ryan,  John  Lawrence. 

A 

A 

Ryan,  Philip  Marcellus. 

C 

A 

Ryan,  William  John. 

D 

D 

Ryder,  Charles  Edward. 

A 

D 

Ryder,  George  Hale. 

A 

A 

Ryder,  Godfrey. 

A 

D 

Ryder,  James  William. 

A 

A 

Sabine,  George  Krans. 

A 

D 

Sabine,  Jane  Downes  Kelly. 

D 

A 

Sackett,  Harry  Robert 

A 

A 

Safford,  Moses  Victor. 

A 

D 

Safford,  Wilber  Pray. 

D 

D 

Salakian,  Esther  Kevork. 

A 

A 

Saltmarsh,  Seth. 

D 

A 

Sampson,  Lottie  Emma. 

B 

B 

Sampson,  Nellie. 

A 

D 

Sanborn,  Byron. 

B 

A 

Sanborn,  Edwin  Aaron. 

A 

A 

Sanborn,  Emma  Mary  Eastman. 

A 

B 

Sanborn,  Fletcher  Greene. 

B 

A 

Sanl)om,  Frederick  James. 

A 

D 

Sanborn,  Frederick  Rodney. 

A 

D 

Sanborn,  George  Phippen. 

A 

D 

Sanborn,  John  Wesley. 

D 

A 

Sanborn,  Joseph  Lander. 

D 

A 

Sanborn,  Kate. 

D 

A 

Sanborn,  Nathan  Wlllard. 

D 

A 

Sanborn,  Perley  Lewis. 

D 

D 

Sanders,  Charles  Barton. 

B 

B 

Sanders,  Edwin  Melvin. 

A 

E 

Sanders,  James  Samuel. 

D 

A 

Sanders,  Orren  Bumham. 

E 

Sanderson,  James  Henry. 
Sanderson,  Mary. 
Sanford,  .Alexander  Chnce. 
Sanford,  Edward. 
Sanford,  Frank  Burton. 
Sanford,  Henry  Lindsay. 
Sanford,  Margaret  McPhee. 
Sanford,  Walter  Howard. 
Sanft,  Frank. 
Sanger,  Guy  Edward. 
SantosuosBO,  Joseph. 
Sargent,  Albert  Alonzo. 
Sargent,  Ara  Nathaniel. 
Sargent,  Charles  Samuel. 
Sargent,  t.eorgc  .\mory. 
Sargent,  George  Bancroft. 
Sargent,  Lorenz.o  Dow. 
Sargent,  Oscar  Franklyn  Libby. 
Sargent,  Walter  Leslie. 
Sauer,  Em  11. 

Saunders,  Ambroze  Courtis. 
Saunders,  Edward  l/>uis. 
Saunders,  Joseph  Henry. 
Saunders.  Levi. 
Sanndem,  Thomas  Henry. 
Savage,  Grace  (iertrude. 
Savage,  Ross  Eliot. 
Savard,  Alfred  Henry. 
Savlgnac,  Arthur. 
Saville,  Sumner  Carrutb. 
Sawabini,  Ellas. 
Sawin,  Charles  Dexter. 
Sawin,  Rol>ert  Valentine. 
Sawtelle,  Benjamin  Albert. 
Sawtelle,  George  Bassett. 
Sawtelle,  Henry  Winchester. 
Sawyer,  Alfred  Stanford. 
Sawyer,  Alzaman. 
Sawyer,  Benjamin  Addison. 
Sawyer,  Carleton. 
Sawyer,  Charles  Milton. 
Sawyer,  Edward  .\llen. 
Sawyer,  Edward  Keyes. 
Sawyer,  Elihu  LeRoy. 
Sawyer,  Emily  Harriet. 
Sawyer,  Frank  Wade. 
Sawyer,  Herbert  Houston. 
Sawyer,  Katie  Sarah. 
Sawyer,  Walter  Fairbanks. 
Sawyer,  Wesley. 
Sawyer,  Willis  Herbert. 
Sayles,  Joseph  Borland. 
Sayward,  William  Henry,  Jr. 
Scales,  Rol)ert  Bass. 
Scalzilli,  Erico  Amaldo. 
Scanlan,  Thomas  John. 
Scannell,  David  Daniel. 
Scannell,  Michael  Edward. 
Schaefer,  August  Theodore. 
Schallenbach,  Ernest  Bradford. 
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A  Schenck,  Sllen  Eastman. 

A  Si'.biller,  Louis  Edonard. 

E  Schmidt,  Frederick  Sextus. 

I)  Schmidt,  Blohard  Diedrich. 

A  !:<chnelder,  Jacob  Philip. 

D  Schofleld,  Benjamin  Fi-anklln. 

D  .Schofleld,  Otho  Lester. 

D  Schoonmaker,  Arthur  Twing. 

D  Schorer,  Cornelia  Bernhardine 

Johanna. 

D  Kchroeder,  May  Catherine. 

D  Scbubmehl,  Frank  Edward. 

D  Schultes,  Hugo,  Jr. 

D  i^chultz,  Simon  Robert. 

D  Schwartz,  Myer. 

D  Schwartzman,  Samuel. 

C  Scoboria,  Arthur  Gllroore. 

A  Scofleld.  Walter. 

B  Scott,  Charles  Wlnfleld. 

A  Scott,  Cyrus  Wallace. 

A  Scott,  Gavin  Steel. 

E  Scott,  George  Dow. 

B  Scottl,  FederUo. 

A  Scrlbner,  Ernest  Varian. 

A  Scudder,  Charles  Locke. 

A  Seaman,  William. 

A  Searle,  George  James. 

D  Searles,  Frank  Rufus. 

A  Searii,  Elolse  Augusta. 

D  Sears,  Frederick  Manning. 

A  Sears,  George  (iray. 

D  Sears,  Harry  Edward. 

C  Sears,  Henry  Francis. 

D  Sears,  Stephen  Hull. 

1)  Sedgewlck,  Otis  White. 

D  Sedgley,  Frank  Robert. 

A  Seelje,  Hiram  Henry. 

A  Seelye,  Ralph  Holland. 

E  Seelye,  Walter  Clark. 

B  Segool,  Hyman. 

A  Segur,  Willard  Blossom. 

A  Seip,  Charles  Lewis. 

A  Selec,  Annie  Maud. 

A  Sellew,  Philip  Hamilton. 

D  Sellew,  Robert  Cowan. 

A  Selling,  Leo  Milton. 

A  Selva,  Julius. 

D  Senesac,  Archibald. 

D  Sennott,  John  lialph. 

B  Senter,  George  Eldredge. 

A  Serljanian,  Tatios  Kasbar. 

D  Sever,  James  Warren. 

D  Severance,  Ella  Eliza. 

A  Severance,  William  Lyman. 

A  Severance,  William  Sidney. 

A  Sewell,  John  Jasper. 

D  Sewny,  Kar6keen  Hekimlan. 

D  Sexton,  Frank  Joseph. 

D  Sexton,  James  Henry,  Jr. 

A  Seymour,  Christopher. 


I)  Seymour,  Frederick  Wanl. 

I)  Seymour,  Horace  Darling. 

A  Seymour,  James  Dwlght. 

I)  Seymour,  Malcolm. 

A  Seymour,  Susan  Pheland. 

A  Shackford,  Charles  Harrison. 

D  Sbanahan,  Edward  Joseph. 

A  Shanahan,  John. 

D  Shanahan,  Thomas  Joseph. 

D  Shanks,  Charles. 

D  Shan nahan,  Richard  Joseph. 

I)  S  ha  n  non ,  J  ames  H  er bert. 

A  Shannon,  Nat  Vaughn. 

A  Shaplra,  Israel  Jarlns  Ellhaf. 

A  Shapleigh,  Alfred  Lindsay. 

D  Sharp,  Leedom. 

A  Sharp,  Walter  Nevin. 

I)  Shatswell,  James  Arthur. 

D  Shattuck.  Albert  Mllo. 

A  Shattuck,  Charles  Harvey. 

D  Shattuck,  Edwin  Chase. 

A  Shattuck,  Frederick  Cheever, 

A  Shattuck,  George  Brune. 

A  Shaw,  Albert  Joel. 

A  Shaw,  Arthur  John. 

B  Shaw,  Charles  Albert. 

D  Shaw,  Francis. 

E  Shaw,  Frederick  King. 

D  Shaw,  Harry. 

A  Shaw,  Henry  Lyman. 

A  Shaw,  James  Stott. 

A  Shaw,  John  Cook. 

A  Shaw,  John  llolbrook. 

A  Shaw,  John  Joseph. 

D  Shaw,  John  Port. 

A  Shaw,  Sarah  Jane  Hutchinson. 

D  Shaw,  Thomas  Bond. 

A  Shaw,  Thomas  Plerpont. 

I)  Shaw,  Thomas  Wighall. 

D  Shaw,  William  Hubbard. 

D  Shay,  Charles  Edwin. 

A  Shay,  Thomas  McGuire. 

D  Shea,  Alfred  Drake. 

D  Shea,  John  Francis. 

I)  Shea,  John  Joseph. 

D  Shea,  Michael  Henry. 

D  Shea,  Michael  Ignatius. 

D  Shea,  Peter  Owen. 

A  Shea,  Thomas  Bernard. 

D  Shead,  Edward  Wadsworth. 

E  Sheahan,  Joseph  Maurice. 

E  Shean,  Maurice  Edwin. 

D  Sheedy,  John  Francis. 

E  Sheehan,  Martin  David. 

A  Sheehan,  William  Joseph. 

D  Sheehan,  William  Joseph. 

A  Sheehy,  William  Clinton. 

A  Sheldon,  Chauncey  Cooley. 

D  Shepard,  Luther  Dimmick,  Jr. 

B  Shepardson,  Oscar  Jerome. 
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c 

A 

D 
S 
B 
A 
A 
A 
B 
A 
A 
A 
A 
A 
D 
A 
E 
D 
A 
D 
D 
D 
D 
A 
A 
D 
D 
A 
A 
A 
A 
A 
D 
D 
D 
B 
A 
D 
A 
A 
D 
B 
A 
B 
D 
A 
D 
D 
D 
A 
I) 
A 
A 
A 
A 
A 
B 
B 
D 
A 


Shepherd,  Hovey  Learned. 
Shepherd,  Soaan  SymondA. 
Shepley,  Luther  Jamei*. 
Sherburne,  Andrew  Arthur. 
Sherburne,  Frederick  WHliam. 
Sheridan,  Oliver  Michael. 
Sherman,  Charles  Francis. 
Sherman,  Frank  Morton. 
Sherman,  James  Henry. 
'Sherman,  James  Turner. 
Shennan,  John. 
Sherman,  John  Ilowartl. 
Sherman,  Mary  Hasttngs. 
Sherman,  William  Sprague. 
Sherskefsky,  CecilK  Lande. 
Sherwln,  .\urelind  Calvin. 
Sherwood,  Walter. 
Sherwood-Dunn,  Berkeley. 
Shirley,  Allen  Lincoln. 
Shine,  John  PaUick. 
Shisler,  William  Henry. 
Shohan,  Joseph. 
Shoninger,  Lee  Simon. 
ShoreH,  Harvey  Towle. 
Shreve,  Octavlus  BaiTell. 
Shrum,  Mark. 
Shultis,  Frederick  Charles. 
Shurtleff,  Bngene. 
Shurtleff.  Frank  At  wood. 
Shurtleff,  Fred  Cazeaux. 
Shurtleff,  l^eorge  Fi^ederlck. 
Shurtleff,  Henry  Austin. 
Shurtleff,  James  Frederick. 
Shurtleff,  Percy  Andrew. 
Shurtleff,  Walter  Davis. 
Sibley,  Hartwell  Astor. 
Sibley,  Hartwell  Augustus. 
Sidls,  Sarah  Maudelbaum. 
Sidney,  Austin  Wilbur. 
Slggins,  John  Jacob. 
Silljert,  Joseph  Jacob. 
Sill,  John  WeUesley. 
Silva,  Francis  Pierce. 
Silver,  Frank  Rudolph. 
Simmons,  C banning  Chamberlain. 
Simmons,  Clara  Congdon. 
Simmons,  Fred  Albert. 
Simmons,  Hannah  Coralynn. 
Simmons,  Orren  Williams. 
Simmons,  William  Edmund. 
Simon,  Harold  Francis. 
Simonds,  Marilla  Reed. 
Simpson,  Charles  Edward. 
Simpson,  Edmund  S. 
Simpson,  CSeorge  Foster. 
Simpson,  James  Edwin. 
Simpson,  John  Thomas  Lionel. 
Sims,  Charles  Hawkins. 
Sims,  Frederick  Roljertson. 
Sinclair,  Alexander  DouU. 


A 

Sinclair,  William  Albert. 

D 

Sinclitico,  Gulseppe. 

D 

Sise,  Lincoln  Fleetford. 

A 

Siskind,  Alexander  Louis. 

m. 

E 

Slsaa,  Silvio. 

A 

SiBson,  Edward  Rot<>h. 

D 

Skarstrom,  William. 

D 

Skelton,  Grace  Evelyn. 

D 

Skinner,  Anna  Mabel. 

A 

Skinner,  Edward  Manning. 

A 

Skinner,  John. 

D 

SkolAeld,  Ezra  Byington. 

D 

Slack,  Francis  Hervey. 

D 

Shigle,  Sarah  Elizabeth. 

E 

Slate,  Ames  Wilsworth. 

A 

Slattery,  John  Rlcliard. 

A 

Slayter,  John  Theodore  Harding. 

A 

Slayton,  William  Taft. 

D 

Sleeper,  Frank  Warren. 

D 

Sleeper,  Karle  Raymond. 

A 

Sleeper,  Walter  Julian. 

D 

Slettengren,  Oscar. 

C 

Slocomb,  George  Albert. 

D 

Slocum,  Clarence  Jonathan. 

D 

Slutskin,  Maurice  Louis. 

D 

Small,  Albert  Ernest. 

D 

Small,  Ernest  Wlnfleld. 

E 

Small,  Guy  Darwin. 

A 

Small,  Herbert  Elwyn. 

A 

Small,  John  Wesley. 

D 

Small,  Richard  Dresser. 

A 

Small,  Whitmell  Pugh. 

D 

Smalley,  Fred  Lyman. 

D 

Small  wood,  George  Washington. 

D 

Smait,  Frank  Everard. 

E 

Smeltzer,  James  Finlay. 

B 

Smith,  Alfred  Charles. 

I) 

Smith,  Appleton  White. 

A 

Smith,  Arthur  Vincent. 

A 

Smith,  Asa  Dennis. 

A 

Smith,  Charles  John  James. 

A 

Smith,  Charles  Morton. 

A 

Smitli,  Charles  Sherman. 

D 

Smith,  Charles  Wesley. 

rlaln. 

D 

Smith,  Chiron  WaterviUe. 

D 

Smith,  Conrad. 

A 

Smith,  Daniel  Patrick. 

B 

Smith,  David  Wiley. 

D 

Smith,  Edwiti-d  Shepard. 

D 

Smith,  Edwin  Wallace. 

A 

Smith,  Ella  Gertrude. 

A 

Smith,  Ezra  Algernon. 

B 

Smith,  Forster  Hanson. 

D 

Smith,  Frank  Herbert. 

D 

Smith,  Frank  Llewellyn. 

A 

Smith,  Frank  Simpson. 

iil. 

A 

Smith,  Franklin  Benjamin. 

% 

C 

Smith,  Fred  Stevens. 

A 

Smith,  Frederick  Glazier. 

D 

Smith,  George  Carroll. 
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A 

Smith,  George  Herbert. 

• 
I) 

Sou8a,*Jaymc  Ernesto  Sala/.a 

A 

Smith,  George  La  Brcohe. 

D'Enao. 

I) 

Smith,  Harold  Wellington. 

1) 

Southard,  Elmer  Ernest. 

I) 

Smith,  HaiTv  Athcrton. 

D 

Souther,  Robert  Fulton. 

A 

Smith,  Henry  Marcellus. 

A 

Souther,  W^lUlam  Towle. 

A 

Smith,  Herbert  Llewellyn. 

B 

Southgate,  George  Alonzo. 

A 

Smith,  Hermon  Joseph. 

A 

South  gate.  Robert  William. 

I) 

Smith,  Hcrvey  Lewis. 

A 

South  wick,  George  Hlnaldo. 

A 

Smith,  Hlrnm  Fred  Markley. 

D 

South  worth,  Thomas  Shepanl. 

A 

Smith,  Homer  Alvan. 

D 

Soutter,  Robert. 

I) 

Smith,  Homer  Brandel. 

D 

Spald,  Charles  Jacob. 

1) 

Smith,  Howard  Harry. 

A 

Spalding,  Charles  Franklin. 

D 

Smith,  James  Gardner. 

D 

Spalding,  Fred  Maurice. 

D 

Smith,  James  Jay. 

D 

Spalding,  Harry  Osgood. 

D 

Smith,  John  Hall. 

A 

Spalding,  Henry  Edwin. 

A 

Smith,  Jonathan  Jnson. 

B 

Spalding,  Jacob  Franklin. 

D 

Smith,  Joseph  Arthur. 

E 

Spalding,  Roger. 

A 

Smith,  JoBL>ph  Ileber. 

A 

Spalding,  Samuel  Hopkins. 

B 

Smith,  Julia  Ann  Cnifts. 

A 

Sparhawk,  Clement  Willis. 

B 

Smith,  Levi  Jasper. 

D 

Sparks,  (  larence  Irving. 

D 

Smith,  Lewis  Albert. 

I) 

Sparks,  Ernest  Elliot. 

D 

Smith,  Marshall  Evans. 

D 

Sparling,  John  Henr>'. 

A 

Smith,  Mary  Almira. 

D 

Spauldlng,  Charles  Lester. 

A 

Smith,  Murdock  Campbell. 

l> 

Spauldlng,  David  Nathan. 

D 

Smith,  Ota  Mafry. 

F 

Spauldlng,  Ebenezer  Farrlngton. 

D 

Smith,  Peter  Matthew. 

A 

Spear,  Edmund  Doe. 

E 

Smith,  Ralph  Kendrlck. 

C 

Spears,  George  William. 

D 

Smith,  Samuel  Breese. 

B 

Spencer,  Emily  Jone. 

D 

Smith,  Samuel  Flnlay. 

C 

Spencer,  George  All)ert. 

A 

Smith,  Sumner  Phinney. 

A 

Spencer,  (Jeorge  Fre<ler1ck  Allen. 

A 

Smith,  Thomas  Burke. 

A 

Spencer,  William  WaiTcn  Conant. 

A 

Smith,  Walter  Anson. 

A 

Spooner,  George  Robert. 

D 

Smith,  William  Benjamin  Tyng. 

E 

Spooner,  Henry  Garrettaon. 

D 

Smith,  William  Henry. 

A 

Spooner,  John  Wlnthrop. 

C 

Smith,  William  Loi-d. 

A 

Sprague,  CJeorge  Pen*y. 

I> 

Smith,  William  Morgan. 

A 

Sprague,  Ruf  us  William. 

A 

Smith,  Wlnfleld  Scott. 

D 

Spratling,  Edgar  Johnson. 

A 

Smlthwlck,  John. 

A 

Spring,  Clarence  Walter. 

C 

Smlthwlck,  Marsena  Parker. 

A 

Springer,  Nathan  Ayer. 

B 

Smorgonsky,  David  Joseph. 

D 

SprouU,  John. 

A 

Smyth,  Herbert  Edmund. 

E 

Sproules,  Joseph  Aloyslus. 

1) 

Smyth,  Patrick  Soniers. 

A 

Squier,  Angelo  Orln. 

D 

Sroyser,  Charles  James. 

E 

Stack,  Charles  Francli*. 

A 

Snow,  Asa  Vernon. 

A 

St.  Clair,  Austin  Emery. 

I) 

Snow,  Frank  Whipple. 

A 

St.  Dennis,  Joseph  Nelson. 

E 

Snow,  Frederick  Stedman. 

D 

St.  (jeorge,  Archibald. 

D 

Snow,  Henry  Curtis  Butler. 

A 

St.  George,  Norman. 

A 

Snyder,  Charles  Wight. 

A 

St.  (ieorges,  WIlfre<l  Mark. 

D 

Snyder,  Charles  William. 

A 

St.  fJermaln,  Joseph  Pierre. 

B 

Solomon,  James  Madison. 

A 

St.  (.ermaln,  Valmore. 

B 

Solomon,  Sarah  Augusta. 

A 

St.  Jacques,  Joseph  Robert. 

B 

Solomon,  William  Burr. 

I) 

St.  Marie,  Philippe. 

D 

Somers,  Henry  Elijah. 

A 

Stackpole,  (Jeorge  Edmund. 

A 

Somers,  John  Edward. 

A 

Stacy,  Charles. Franklin. 

E 

Somers,  Pierce  Edward. 

A 

Stafford,  irank  Dalmon. 

A 

Soper,  Lyman  White. 

B 

Stahl,  Alfred  Franz. 

A 

Sophcr,  Curtis  Levi. 

A 

Standish,  Myles. 

I) 

Soule,  Horace  John. 

E 

Stanley,  Francis  Guy. 

B 

Soale,  John  Albion. 

A 

Stanley,  George  Henry. 

A 

Soules,  Silas  George. 

A 

Stanley,  Josiah  Mari»h. 
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D  Stanley,  Leonard  (Jove. 

D  Stanley,  Mark  Page. 

A  Stanton,  Jere  Edmund. 

D  Stanton,  Joseph. 

C  Stanton,  Thomas  Leo. 

D  Staples,  Clarence  Hathome. 

D  Staples,  UalL 

D  Staples,  John  Walter. 

A  Stapleton,  Richard  llonry. 

A  Star  bird,  Edward  Perley. 

A  Starbird,  Isaac  Warren. 

D  Starbuck,  Joseph  Clinton. 

D  Stark,  Maorice  Albert. 

D  Starkweather,  Charles  Robert. 

B  Starr,  Christopher  Hamlin. 

A  Steadman,  John  Abraham. 

A  Steams,  Charles  A. 

A  Stearns,  Charles  Ooddard. 

A  Stearns,  Georj^e  Washington. 

A  Stearns,  Isaac  Holden. 

E  Stearns,  John  Warren. 

E  Stearns,  Robert  Thomas. 

A  Stebbins,  George  Stanford. 

B  Stebbins,  Marion  Rowena  Hay  ward. 

I)  Steckel,  Charlotte  Irene. 

A  Stedmnn,  Charles  Ellery. 

A  Stedman,  (yeorge. 

A  Stedman,  Henry  Uiist. 

A  Stedman,  James  Parker. 

A  Stedman,  Joseph  Cyrus. 

D  Steele,  Albert  Edward. 

E  Steele,  Harry  Leon. 

A  Steere,  I)avl<l  Roscoc. 

B  Steinberg,  Joseph. 

D  Stennlng,  William  Aithur. 

D  Stephens,  Edna  Harriet. 

A  Stephens,  Edward  Buckminster. 

A  Stephenson,  Benjamin  Swift. 

B  Stephenson,  Milton  Elmer. 

A  Stephenson,  Nellis  Witter. 

E  Stepp,  Jacob,  Jr. 

A  Stetson,  Clarence*  Augustus. 

D  Stetson,  Frank  Eliot. 

D  Stetson,  B'rederick  Win  slow. 

D  Stetson,  Hall)ert  Grecnlcif. 

A  Stevens,  Andrew  Jackson. 

B  Stevens,  Charles  Albert. 

A  Stevens,  CharlcH  Benjamin. 

A  Stevens,  Edmund  Horace. 

A  Stevens,  (.ieorge  Reck  with. 

D  Stevens,  Grace. 

A  Stevens,  Harry  Laurence. 

A  Stevens,  Henry  Burt. 

D  Stevens,  James  Edward. 

A  Stevens,  James  Herbert. 

D  Stevens,  Michael  Mallett. 

D  Stevens,  Oscar  Howard. 

D  Stevens,  Ralph  Emerson. 

1)  Stevens,  Ruey  Bartlett. 

D  Stevens,  Sara  Elniina. 


A  Stevens,  Seriah. 

A  Stevens,  WUliam  Caldwell. 

A  Stevens,  William  Stanford. 

D  Stevenson.  Arthur  William. 

D  Stevenson,  Willis  Mack. 

E  Steward,  Benjamin  Gadsden. 

D  Stewart,  Abraham  Lincoln. 

A  Stewart,  Anne  Clark. 

A  Stewart,  James. ' 

A  Stewart,  James  Hope. 

D  Stewart,  Vernon  Champney. 

1)  Stewartson,  Charlotte  Dodd. 

D  Stick,  Henry  Louis. 

A  Stickney,  Alonzo  Lawrence. 

A  Stickney,  CllfFord  Webster. 

A  Stickney,  Edwin  Pangman. 

D  Stickney,  Elizabeth  Mary. 

A  Stickney,  (George  Augustus. 

D  Stickney,  Henry  Constant. 

D  Stickney,  Whitman  Gibson. 

A  Stiles,  Charles  WaUace. 

A  Stiles,  Fred  Merritt. 

C  Stiles,  Herbert  Kendall. 

D  StUes,  Ned  CarroU. 

A  Still,  James  Thomas. 

D  StUI,  WUliam  Henry. 

A  Stltson,  WiUard  Charles. 

D  ,    Stilwell,  Benjamin  Watson. 

A  Stinson,  John  Woodbury. 

F  Stocker,  Alfred  Augustus. 

D  Stockwcli,  Edgar  Washburn. 

D  Stock  well,  George  Norman. 

D  Stockwell,  Herbert  Emmons. 

A  Stoddard,  Henry  Bradish. 

D  Stoddard,  Mortimer  Joseph. 

D  Stodder,  Charles  William. 

A  Stokes,  William  Royal. 

A  Stone,  .Vrtliur  Kingsbury. 

D  Stone,  Arthur  Lile. 

A  Stone,  Byron. 

A  Stone,  Charles  Sinclair. 

A  Stone,  Ella  Gertrude. 

D  Stone,  Ellen  Appleton. 

A  Stone,  Frank  Ellsworth. 

C  Stone,  (ieorge  Arthur. 

A  Stone,  James  Savage. 

A  Stone,  Lincoln  Ripley. 

D  Stone,  Moses  Cornelius. 

I)  Stone,  Murray  Chaflfee. 

E  Stone,  Ralph  Edgarton. 

I)  Stone,  Thomas  Newcoml). 

A  Stone,  Waldo  Hodges. 

D  Stone,  Warren  Buxton. 

B  Stone,  Wolf. 

I)  Stoneman,  Edgar  Ames. 

1)  Stoodley,  Harry  Man*. 

A  Storer,  John. 

A  Storer,  Malcolm. 

E  Storrs,  Henry  Randolph. 

C  Story,  Alvin  Francis. 
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D 

Story,  Helen  Louise. 

D 

E 

Stowe,  Irving  Elmer. 

A 

A 

Stowe,  Wlllard  Uanley. 

E 

A 

Stowelli  Edmund  C banning. 

A 

D 

Stowell,  Frank  Edgar. 

D 

A 

Stowell,  Joab.  Jr. 

C 

C 

Stowell,  Maud  Evelyn 

A 

A 

Stowell,  Sarah  Russell. 

D 

D 

Stratton,  Ralph  Rlcker. 

A 

D 

Straw,  Amos  Gale. 

D 

D 

Straw,  O'Nell  Watson  Robinson. 

A 

D 

Strayer,  Edgar. 

D 

D 

Street,  Charles  Edward. 

A 

A 

Street,  Jerome  Charles 

A 

D 

Street,  Lionel  Alexander  Burnet. 

A 

D 

Streeter,  Howard  Alvertus. 

D 

D 

Strickland,  Samliel  Pcrley. 

A 

D 

Strong,  Charles  Howard. 

A 

E 

Strong,  Frederick  Finch. 

A 

D 

Strong,  James  Henry. 

A 

D 

Strong,  Lawrence  Watson. 

A 

A 

Strong,  Thomas  Morris. 

A 

D 

Strout,  Arthur  Chester. 

A 

A 

Stuart,  Frederick  William. 

A 

A 

Stuart,  James  Henry. 

D 

D 

Stubbs,  Frank  Raymond. 

A 

D 

Stubbs,  Richard  Henry. 

A 

D 

Sturgis,  Benjamin  I«'ranklin,  Jr. 

B 

D 

Sturgis,  Walter  Horatio  Wakeman. 

D 

B 

Sturnick,  Max. 

D 

A 

Sturtevant,  Charles. 

B 

D 

Sturtevant,  Charles  Alton. 

E 

D 

Sturtevant,  Louise  Martha. 

B 

A 

Stutflon,  William  Peckham. 

D 

D 

Styles,  Myron  Francis. 

A 

A 

Suffa,  George  Alson. 

A 

D 

Sughrue,  Dennis  Francis. 

A 

D 

Sullivan,  Charles  Brent. 

A 

D 

Sullivan,  Cornelius  Augustine. 

D 

E 

Sullivan,  Daniel  Aloysius. 

D 

D 

Sullivan,  Daniel  Bartholomew. 

A 

A 

Sullivan,  Daniel  Henry. 

A 

D 

Sullivan,  Daniel  Thomas. 

A 

D 

Sullivan,  Edward  Coppiugcr. 

A 

D 

Sullivan,  Eulick  Francis. 

D 

D 

Sullivan,  Florence  Augustine. 

D 

D 

Sullivan,  Francis  Augustus. 

D 

D 

Sullivan,  FrankAloysius. 

D 

A 

Sullivan,  James  Francis. 

A 

A 

Sullivan,  James  Francis. 

A 

A 

Sullivan,  James  Stephen. 

E 

A 

Sullivan,  James  Stephen. 

A 

B 

Sullivan,  John  Frauds. 

E 

A 

Sullivan,  John  Henry. 

A 

D 

Sullivan,  John  Joseph. 

A 

D 

Sullivan,  John  Joseph. 

D 

A 

Sullivan,  John  Thomas. 

D 

D 

Sullivan,  John  Thomas,  Jr. 

D 

E 

Sullivan,  Joseph  Lawrence. 

A 

D 

Sullivan,  Leon  Daniel. 

D 

Sulllvau,  Martin. 
Sullivan,  Michael  Francis. 
Sullivan,  Patrick  Eugene. 
Sullivan,  William  Joseph. 
Sumner,  Harry  Herbert. 
Sumner,  Philip  S. 
Suter,  WlUiam  Norwood. 
Sutherland.  Jane  Hunting. 
Sutherland,  John  Preston. 
Swain,  Howanl  Townscnd. 
Swain,  Mary  Lizzie. 
Swain,  Oliver  Alden  Tinkham. 
Swan,  Charles  Louis. 
Swan,  Charles  Walter. 
Swan,  Henry  fc'torer. 
Swan,  Horace  Cheney. 
Swan,  Jesse  Johnson. 
Swan,  Roscoe  Wesley. 
Swan,  Will  Howard. 
Swan,  William  Donnlson. 
Swan,  William  EUery  Channing. 
Swasey,  Edward. 
Swasey,  Oscar  Fltzallan. 
Sweeney,  Hilary  Tucker. 
Sweeny,  Margaret  Ada. 
Sweet,  Charles  Frederick. 
Sweet,  Clara  Maria. 
Sweet,  Ellsha  Wilbur. 
Sweet,  Ernest  Albert. 
Sweet,  Frederick  Benonl. 
Sweet,  Job. 

Sweet,  John  Henry,  Jr. 
Sweet,  Orrin  Preston. 
Sweet,  Willard  Hamilton. 
Sweetser,  Frederic  Ellsworth. 
Sweetsir,  Charles  Leslie. 
Swett,  George  William. 
Swett,  Percy  Walter. 
Swift,  Frederic  Norman. 
Swift,  Henry  Marshall. 
Swift,  John  Baker. 
Swift,  Lawrence  Chew. 
Swift,  Robert. 
Swift,  William  Nye. 
Swlney,  Merrill  Alpheus. 
Swope,  Dalva  Hamlt. 
Swope,  Oscar  Clinton. 
Sylvester,  Charles  Porter. 
Sylvester,  Stephen  Alden. 
Sylvester,  William  Hlllman. 
Sylvia,  Charles  Anthony. 
Sylvia,  Manuel  VIctorino. 
Symonds,  Alice  (Gertrude. 
Symonds,  Benjamin  Ropes. 
Synan,  William  Edward. 
Syrett,  Edgar  Charles. 
Tabor,  Edward  Orlando. 
Taft,  Albert  Atherton. 
Taft,  Mary  Florence. 
Taft,  Maud  Emille. 
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A 

m. 

Talbot,  George  Henry. 

C 

Thomas,  George  Henry. 

A 

Talbot,  Wlnthrop  Tisdale. 

A 

Thomas,  John  Jenks. 

D 

Tallant,  Alice  Weld. 

B 

Thomas,  John  Wlllard. 

D 

Tallman,  Arthur  Doyle. 

D 

Thomas,  Raphael  Clarke. 

A 

Tallman,  Aagnatus  Littlefleld. 

D 

Thomas,  William  Kilpack  Smith. 

B 

Tallman,  WUIiam  Cyprian. 

D 

Thomasson,  Aaron  Hood,  Jr. 

D 

TaminoBian,  Timotheug. 

D 

Thombs,  Samuel  Brackett. 

A 

Tanner,  John  Alexander. 

D 

Thomes,  John  Blanchard. 

E 

Taplin,  Grace  Batchelder. 

D 

Thompson,  Arthur  Percival. 

£ 

TapUn,  George  Colby. 

D 

Thompson,  Charles  Arthur. 

I) 

Tarbell,  Harold  Applcton. 

D 

Thompson,  Charles  Edward  Perry. 

A 

Tasker,  Frank  Edwin. 

D 

Thompson,  Charles  Edward. 

A 

TaasA,  Joseph  Chrysanthe  Edward. 

A 

Thompson,  Charles  Marsh. 

A 

Tatum,  Kivee. 

A 

Thompson,  Charles  Oscar. 

A 

Taylor-Cole,  Anna  Bessie. 

A 

Thompson,  Eben. 

A 

Taylor,  Charlea  Warren. 

A 

Thompson,  Edward  Charles. 

A 

Taylor,  Edward  Wyllys. 

D 

Thompson,  Edward  Henry. 

D 

Taylor,  Erwin  Hartwell. 

A 

Thompson,  Frederick  Henry. 

B 

Taylor,  Francis  Albert. 

B 

Thompson,  Frederick  Henry,  Jr. 

A 

Taylor,  Frederic  Weston. 

A 

Thompson,  George  Eben. 

D 

Taylor,  Frederick  Leon. 

D 

Thompson,  George  Southwick. 

A 

Taylor,  George  Lyman. 

C 

Thompson,  Harry  John. 

B 

Taylor,  Henry. 

A 

Thompson,  James  Gillespie. 

E 

Taylor,  Jameg,  Jr. 

D 

Thompson,  John  Budd. 

D 

Taylor,  James  Ralph,  Jr. 

B 

Thompson,  John  Buxton. 

B 

Taylor,  John  Danforth. 

A 

Thompson,  John  Henry. 

A 

Taylor,  Jubtil  George. 

A 

Thompson,  John  Joseph. 

D 

Taylor,  Stella  Mary. 

A 

Thompsou,  John  McQuald. 

D 

Teahan,  William  John. 

D 

Thompson,  John  Stephen. 

A 

Temple,  Franklin  Stuart. 

E 

Thompson,  Joseph  Mariner. 

A 

Temple,  Hiram. 

B 

Thompson,  Marshall  Elery. 

A 

Temple,  William  Franklin. 

D 

Thompson,  Peter  Hunter. 

A 

Ten  Broeck,  Stanton  Jacob. 

D 

Thompson,  Ralph  Leroy. 

A 

Tenney,  Benjamin. 

D 

Thompson,  Richard  Henry. 

D 

Tenney,  Elmer  Seth. 

A 

Thompson,  Richard  Joseph. 

A 

Tenney,  John  Arthur. 

D 

Thompson,  Wellington  Andrew. 

C 

Tenney,  William  Northend. 

D 

Thomson,  (tcorge  Felix. 

I) 

Tessier,  Charles. 

A 

Thomson,  (ieorge  Francis. 

I) 

T6ireau,  Thomas. 

D 

Thorn,  Edwin  Cyrus. 

D 

Thatcher,  Haines  C. 

A 

Thorn  dike,  Augustus. 

B 

Thayer,  Charles  Nathaniel. 

A 

Thomdike,  Paul. 

A 

Thayer,  Charles  Paine. 

D 

Thomdiko,  Townsend  William. 

A 

Thayer,  Eugene. 

D 

Thoming,  William  Burton. 

A 

Thayer,  George  Dickinson. 

A 

Thornton,  James  Brown. 

D 

Thayer,  Hartley  Wales. 

B 

Thornton,  William. 

A 

Thayer,  Henri  Riedelle. 

b 

Thorpe,  Benjamin  FrankUn. 

A 

Thayer,  Samuel  Chase. 

A 

Thorpe,  Edward  Elephalet. 

A 

Thayer,  Samuel  Ezra. 

B 

Thumin,  Samuel. 

B 

Thayer,  Washington  Irving. 

A 

Thuot,  John  Vincent. 

D 

Thayer,  William  Hewins. 

A 

Thurljer,  Madison  Templeton. 

A 

Thayer,  William  Sjrdney. 

B 

Thurber,  Stephen  Francis. 

A 

Therrien,  Edward  Joseph. 

B 

Thurlow,  Edgar  Theodore. 

B 

Therrien,  John. 

A 

Thurlow,  John  Howard. 

A 

Thissell,  Joseph  Abbott. 

A 

Thurston,  Rufus  Leander. 

B 

Thomas,  A  dell  da  Annabel. 

A 

Tibbitts,  James  Thomas. 

D 

Thomas,  Carlton  Revere. 

A 

Tierhcy,  Edward  Howran. 

A 

Thomas,  Caroline  Louise. 

A 

Tlerney,  Martin  Henry. 

A 

Thomas,  Charles  Holt. 

D 

Tierney,  Thomas  Francis. 

A 

Thomas,  Flavel  Shurtleff. 

A 

Tigh.  Frederick. 

A 

Thomas,  George  Francis. 

A 

Tilden,  Frank  Elmer. 
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K 

Tilden,  Irving  Nlles. 

D 

D 

TilcBlon,  WUder. 

C 

A 

TUton,  Edward  James. 

A 

A 

Tilton,  Frank  Herbert. 

D 

A 

TUton,  Joftlah  Odin. 

D 

A 

Tilton,  Letitia  Marie. 

D 

D 

Tilton,  Nellie  Norrls. 

D 

D 

Timmins,  Edward  Francis. 

A 

A 

Timmlns,  Patrick  Joseph. 

A 

F 

Tingle^,  Benjamin  Wilson. 

A 

D 

Tingley,  Louise  Paine. 

D 

A 

Tinker,  Martin  Bael. 

D 

A 

Tinktaara,  OranvUle  Wilson. 

A 

A 

Tlnell,  Vinson  Meader. 

A 

A 

Titcomb,  George  Eugene. 

A 

D 

Tobey,  Carter  McVine. 

D 

E 

Tobey,  Edward  Nelson. 

A 

A 

Tobey,  George  Loring. 

D 

A 

Tobey,  Walter  Henry. 

A 

A 

Tobin,  James  Henry. 

D 

£ 

Tobin,  John  Henry. 

B 

B 

Todson,  Clara  Leona. 

A 

B 

Tolman,  Henry,  Jr. 

A 

A 

Tolman,  Julia. 

A 

A 

Tompkins,  Albert  Henry. 

A 

D 

Toohey,  Thomas  Victor. 

A 

A 

Toomey,  John  Peter. 

E 

A 

Toomey,  Thomas  Patrick. 

A 

D 

Toothaker,  Horace  Edward. 

C 

D 

Topaz,  Anna. 

A 

D 

Torbert,  James  Rockwell. 

D 

D 

Torrey,  John  Paine. 

D 

A 

Torrey,  Noah. 

D 

A 

Torrey,  Samuel  William. 

E 

D 

Totman,  Virgil  Connor. 

A 

A 

Tower,  Charles  Bates. 

D. 

A 

Tower,  Frederick  Russell. 

D 

A 

Tower,  George  Augustus. 

A 

D 

Towle,  Benjamin  Newell. 

A 

D 

Towle,  Charles  Edward. 

A 

D 

Towle,  Clarence  Clarke. 

A 

I) 

Towle,  Edwin  Dudley. 

A 

A 

Towle,  Fred  Scates. 

A 

A 

Towle,  Harvey  Parker. 

A 

A 

Towle,  Henry  Charles. 

A 

B 

Towne,  Charles  Jefferson. 

A 

B 

Towne,  William  Alexander. 

A 

A 

Townsend,  Charles  Wendell. 

A 

D 

Townsend,  David. 

A 

C 

Townsend,  Willis  Merrick. 

D 

D 

Tozier,  Charles  Herman. 

D 

D 

Tracey,  John  Matthew. 

B 

Tracy,  Christopher  Columbus. 

A 

A 

Tracy,  Edward  Aloysius. 

D 

A 

Tracy,  Thomas  Henry. 

E 

A 

Trafton,  Alonzo  Gardiner. 

D 

T) 

Trainer,  John  Brett. 

A 

£ 

Trask,  Harry  Walll«. 

D 

I) 

Traver,  Alvah  Harry. 

A 

A 

Traver,  Edward  Clarence. 

A 

Trayes,  William  Henry,  Jr. 
Treanor,  John  Peter. 
Trecartin,  David  Munson. 
Treichler,  Albert  Julius. 
Tresilian,  Florence  Harvey. 
Treston,  Maurice  Joseph. 
Tripp,  George  Alston. 
Trow,  Cornelius  Gllman. 
Trow,  William  Marshall. 
Trowbridge,  Edward  Henry. 
Troxell,  George  Allen. 
Tmdeau,  Marc  Aurele. 
Trudeau,  WUfrid. 
Tmdel,  Jacques  Joseph. 
True,  Herbert  Osgood. 
True,  Richard  Smith. 
Trueman,  Harmon  Silas. 
Truesdale,  Philemon  Edwards. 
Trueworthy,  Edwin  Weston. 
Truslow,  Walter. 
Tuck,  Lucy  Wadsworth. 
Tucker,  Edward  Tobey. 
Tucker,  Samuel  Chase. 
Tucker,  William  Emerson.  * 
Tucker,  Willis  Leroy. 
Tully,  Edward  Joseph. 
Tnpper,  Arthur  Gordon. 
Tupper,  Augustus  Maclanchlan. 
Tupper,  John  Darrow. 
Turner,  Augustus  Walter. 
Turner,  Charles  Haverly. 
Turner,  Charles  Humphrey. 
Turner,  Edward  Lincoln  Dwlght. 
Turner,  James  Henry. 
Turner,  Maurice  Worcester. 
Turner,  William  George. 
Tnstin,  Ruth. 
Tuttle,  Albert  Henry. 
Tuttle,  Frances  Caroline. 
Tiittle,  George  Herman. 
Tuttle,  George  Thomas. 
Tuttle,  Karl  Rand. 
Twitcbell,  Edward  Thayer. 
Twltchell,  George  Pierce. 
Twombley,  Edward  I^mbert. 
Tygesson,  Alfred. 
Tyler,  Albert  Mason . 
Tyler,  John  Bennett. 
Tyler,  Waldo  Henry. 
Tyler,  Wlnsor  Marrett. 
Tyrode,  Maurice  Paul  Octave 

Vejux. 
Underbill,  Charles  Dudley. 
Underhili,  Elizabeth  Colden. 
Underbill,  C^orge  Herbert. 
Underbill,  Samuel  Graham. 
Underwood,  David  Gleason. 
Underwood,  Francis  Andrew. 
Underwood,  George  Baker. 
Underwood,  George  Latham. 
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E  Underwood,  Horion  Fay. 

D  rpbiim,  Emily  Clark. 

D  Upton,  Charles  Louis. 

A  Urlch,  John  Henry. 

C  Urie,  John  Francis. 

A  L^rquhart,  John  Edwin. 

A  Utley,  Edward  Boswell. 

A  Utley,  James. 

A  Utiey,  Maurice  Howell. 

A  Valentine,  Henry  Charles. 

D  Valentine,  John  Forrest. 

E  Valentine,  Julius  John. 

D  Vallte,  John  Edward. 

A  Van  Allen,  Harvey  Ward. 

B  Van  Alstyne,  Seymour  March. 

D  Van  DQursen,  George  Llvesey. 

D  Van  Magness,  Benjamin,  Jr. 

E  Van  Magness,  Fred. 

D  Van  Marter,  Le  Roy  John. 

A  Van  Pelt,  Gertrude  Wyckoflf. 

I)  Van  Rensselaer,  Henry  Rensselaer. 

D  Van  Winkle,  Peter. 

D  Vance,  Michael  E. 

A  Vander  Burgh,  David  Williams. 

A  Varney,  Edith  Charles. 

A  Varney,  Fred  BIbridge. 

E  Vamum,  Le«vltt  R.  J. 

A  Vaughan,  Jonas  Hobart. 

I)  Verhoff,  Frederick  Herman. 

A  Vermllye,  Oscar  Eugene. 

A  Vemer,  Ismael. 

D  Vickery,  Eugene  Augustus. 

A  Vickery,  Herman  Frank. 

A  Vickery,  Lucia  Florence. 

D  Vielra,  Jos4  Pacheco. 

A  Victor,  Agnes  Caecilia.  , 

D  Vigeant,  Joseph  Edward. 

D  VIger,  Joseph  Edmund  Avlla. 

A  Viles,  Clarence  Albertus. 

E  Vinal,  Charles  Renough. 

A  Vinal,  Frank  Thomas. 

E  Vinal,  Harry  Gardner. 

D  Vinal,  Walter  Henry. 

D  Vincent,  Beth. 

B  Vlney,  William  Henry. 

A  Virgin,  Franklin  Pierce. 

D  Vog^l,  George  Louis. 

£  Vogel,  James  Oswald. 

D  Von  Groll,  Maximllllan  Charles. 

D  Von  Sonneberg,  Archie  Siegfried. 

A  Vose,  Albert  Churchill. 

D  Vose,  Robert  Henry. 

D  Voss,  John  William. 

D  Vrahnos,  A  ntonios  Nicholas. 

D  Vrooman,  Barle  Morey. 

B  Wade,  George  Washlng^n. 

A  Wadsworth,  Oliver  Fairfield. 

B  Wagner,  David. 

D  Walt,  Sheridan  Paul. 

A  Walte,  Clarence  Howard. 


A  Walte,  Lorenso. 

A  Wakefield,  Albert  Tolman . 

B  Wakefield,  Josiah  Judaon. 

D  Walch,  Joseph  Francis. 

D  Walcott,  Henry  Joel,  Jr. 

A  Walcott,  Henry  Pickering. 

B  Wales,  Edward  Clarence. 

E  Wales,  Ernest  de  Wolfe. 

A  Walker,  Alexander  Taylor. 

A  Walker,  Augustus  Chapman* 

D  Walker,  David  Harold. 

A  Walker,  Frank  Clifford. 

B  Walker,  Gustavus  Freedom. 

A  Walker,  James  Taylor. 

A  Walker,  James  William. 

D  Walker,  Lewis  Marshall. 

E  Walker,  Mary  Wheeler. 

A  Walker,  Thomas  Jackson. 

D  Walker,  Wallls  Dunlap. 

A  Walker,  William. 

D  Walker,  William  Emrich. 

D  Walker,  William  Hastings. 

D  Walker,  William  Pomp. 

C  Walkley,  William  Samuel. 

1)  Wallace,  Anna  Marie. 

A  Wallace,  Frank  Huron. 

D  Wallace,  George  Loney. 

D  Wallace,  John. 

A  Waller,  Thomas  Gilmore. 

D  Wallls,  Nathaniel. 

D  Walsh,  Charles  Francis  Adams. 

A  Walsh,  Charles  Joseph. 

D  Walsh,  John  Edward. 

D  Walsh,  Thomas  Emmet. 

A  Walton,  George  Lincoln. 

D  Walton,  William  Joseph. 

E  Ward,  Edward  Silyanus. 

D  Ward,  Frederick  Spalding. 

A  Ward,  George  Otis. 

D  Ward,  Horace  William. 

D  Ward,  Parker  Mylcs. 

A  Ward,  RolUn  Clayton. 

D  Ward,  Roy  Joslyn. 

E  Ward,  William  Greenleaf. 

E  Warden,  Ralph  Alexander. 

D  Wardsworth,  Richard  Goodwin. 

A  Wardwell,  Perclval  Goodwin. 

A  Wares,  Abel. 

A  Warner,  CarmillusTurten. 

D  Warner,  Charles  Norton. 

A  Warner,  Emerson. 

A  Warner,  Frederick  Augustus. 

A  Warner,  Henry. 

B  Warner,  Thomas  Jefferson. 

D  Warren,  Alva  Harding. 

D  Warren,  Arthur  Fay. 

D  Warren,  Edward  Dane. 

B  Warren,  Edvrin  Smith. 

A  W^arren,  Ernest  Leighton. 

D  Warren,  Franklin  Lafayette. 
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I) 

Warren,  Henry  Stanley. 

A 

Welnsteln,  Isaac. 

A 

Warren,  Herbert. 

A 

Weir,  Frank  Le  Sleur. 

A 

Warren,  Hobart  Endicott. 

D 

Wels,  Joseph  Deutsch. 

A 

Warren,  John  ColUna. 

A 

Welser,  Walter  Rupert. 

A 

Warren,  John  Kelso. 

D 

Welch.  David  Francis. 

A 

Warren,  Orln. 

A 

Welch,  Edward  John. 

D 

Warren,  William  Barnard. 

D 

Welch,  Edwin  Andrew. 

B 

Warren,  William  Marvin. 

D 

Welch,  George  Cakes. 

A 

Warren,  William  Thomas. 

A 

Welch,  John  Frederick. 

A 

Warwick,  James. 

D 

Welch,  Thomas  Francis. 

A 

Washbom,  Elliott. 

A 

Weller,  Francis  Joseph. 

E 

Washburn,  Frank  Hall. 

F 

Wellington,  James  Lloyd. 

D 

Washburn,  Frederic  Augustus. 

D 

Welles,  Delbert  Arthur. 

A 

Washburn,  George  Hamlin. 

D 

Wells,  Abner  Toothaker. 

B 

Washburn,  Vienna  Amelia  Parsons. 

D 

Wells.  David  Washburn. 

D 

Wasson,  Watson  Lovell. 

A 

Wells,  Frank. 

D 

Waterhouse,  Henry  Edwin. 

A 

Wells,  James  Lee. 

D 

Waterman,  George  Arthur. 

D 

Wells,  John  Milton. 

D 

Waterman,  John  Slater. 

E 

Wennerberg,  Francis  Joseph. 

B 

Waters,  Samuel  William. 

A 

Wentworth,  Arthur  Howard. 

D 

Watkeys,  Frederick  William. 

C 

Wentworth,  Caroline  Young. 

B 

Watkins,  Charles  Edward. 

D 

Wentworth,  Harry  Wilder. 

A 

Watklns,  Robert  Lincoln. 

B 

Wentworth,  Horace. 

D 

Watkins.  Royal  Philip. 

A 

Wentworth,  Jacob  Bruckett. 

I) 

W^atson,  David  Robert. 

D 

Wentwortii,  Lowell  Franklin. 

C 

Watson,  Francis  Sedgewick. 

A 

Wentworth,' Walter  Henry. 

D 

Watsou,  Frank  Gilman. 

D 

W^entworth,  William  Ezeklel. 

B 

Watson,  Fred  William. 

D 

Wentworth,  William  Parish. 

A 

Watson,  George  Henry. 

A 

Wentworth,  William  Warren. 

A 

Watson,  James  Maurice. 

A 

Werner,  Anders  Christen. 

D 

Watson,  Walter  Linwood. 

E 

Wemlck,  Benzion  G. 

A 

Watson,  William  Purkls. 

D 

Wescott,  William  Henry. 

A 

Watters,  William. 

B 

Wesley,  Charles  Main. 

I) 

Watters,  William  Henry. 

A 

Wesley,  John  Lyman. 

A 

Wattles-Faunce,  Mary  Ann. 

A 

Wesley,  Sarah  Jane. 

D 

Watts,  Harry  Adelbert. 

A 

Wesselhoeft,  Walter. 

A 

Watts,  Henry  Fowler  Ransford. 

C 

Wesselhoeft,  William  Ft-ssenden. 

D 

Weaver,  George  Albert. 

C 

Wesselhoeft,  William  Palmer. 

A 

Webb,  Mary  Elizabeth. 

D 

West,  Bertha  Helen. 

A 

Webb,  Melville  Emerson. 

A 

West,  Edward  Graeff. 

I) 

Webb,  Walter  James. 

A 

West,  George  Leon. 

A 

Webber,  Amos  Pater  son. 

B 

West,  Pliny  Hume. 

A 

Webber,  Frank  Orland. 

D 

Westall,  John. 

C 

Webber,  Frederick  Ward. 

A 

Westergren,  Frances  Clarke. 

A 

Webber,  George  Franklin. 

A 

Weston,  George  Prake. 

D 

W^ebber,  Henry  Allen. 

A 

Weston,  Isabel  Gray. 

A 

Webber,  Horace  Careen. 

D 

We»twood,  Mabel  Inez. 

A 

Webber,  Samuel  Gilbert. 

A 

Wetherbee,  Angellne  Giles. 

D 

Webster,  Frederick  Alonzo. 

D 

Wetherbee,  Lucy  Emma. 

D 

Webster,  Fred  Paterson. 

A 

Wetherbee,  Roswell. 

D 

Webster,  George. 

A 

Wetherbee,  Sarah  Lu(;retia. 

A 

Webster,  George  Arthur. 

A 

Wetherell,  Arthur  Bryant. 

A 

Webster,  Jonathan  Edwards. 

A 

Whalley,  Thompson. 

A 

Webster,  Joseph  Rowe. 

A 

Wheatley,  Frank  George. 

D 

W^eed,  George  Franklin. 

D 

Wheatley,  Louis  Frederick. 

A 

Weeks,  Charles  Tupper. 

D 

Wheaton,  James  Lucas,  Jr. 

A 

Weeks,  Joshua  Franklin. 

A 

Wheeler,  Alfred  Augustus. 

D 

Weldner,  Calvin. 

A 

Wheeler,  Charles  Douglas. 

I) 

WeU,  Edna  Helen. 

D 

Wheeler,  Emma  Hammond. 

A 

Welnerovltch,  Nochine. 

E 

Wheeler,  George  Day. 
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E  Whcder,  Gllman  Avery. 

A  Wheeler,  Harry  Deveraux. 

D  Wheeler,  James  Hudi^ou. 

E  Wheeler,  JenneB^*  Day. 

A  Wheeler,  Leonard. 

D  Wheeler,  Lucia  Anna. 

A  Wheeler,  MorrlB  Phnner. 

I)  W^heeloc'k,  Albert  Andrews. 

D  Whelpley,  George  Frederick. 

C  Whipple,  Albert  Lawrence. 

A  Whipple,  Farrington  Ha  sham. 

C  Whipple,  Frank  Lewis. 

A  Whlston,  Edward  Andem. 

A  WhlUker,  C  la  Pence  Wilder. 

A  Whitconibe,  Charles  Reed. 

E  White,  Arthur  Joseph. 

A  White,  Belle  Joanna  Flatt. 

C  White,  Charles  James. 

D  White,  CUffonl  Allen. 

A  White,  Edward  Forest. 

C  White,  Emory  Lincoln. 

D  White,  Everett. 

I)  White,  Frank  Dunj^ter. 

D  White,  Franklin  Warren. 

A  W hlt4?,  ( i eorge  Ed wl n . 

I)  White,  Henry  George. 

A  White,  1 1  erbert  Wa  nen . 

A  White,  James  Clarke. 

D  White,  Jonathan  Hutchlngs. 

A  White,  Leon  Edward. 

A  White,  Leonard  Darling. 

A  White,  Levi. 

D  White,  Michael  William. 

A  White,  Robert. 

A  White,  Walter  Henry. 

A  White,  William  Allen. 

E  Whltford,  Robert  Atwood. 

D  Whitehead,  Eugenia. 

D  Whitehead,  Mary  Charlotte. 

D  Whitehead,  Willett  William. 

A  Whitehlll,  George  Edward. 

D  Whiteside,  George  Shuttuck. 

A  Whltford,  Andrew  Foster. 

A  Whiting,     (rcorge    Washington 

Whitney. 

E  Whiting,  Nye  Clinton. 

A  Whiting,  Lewis. 

A  Whiting,  Walter  Booth. 

B  Whitman,  Edson  Fobes. 

D  Whitman,  William  Dutclicr. 

C  Whltmarsh,  Willar<l  Francis, 

A  W'hUmore,  Albion  Stinson. 

A  Whitney,  Charles  A Ivano. 

A  Whitney,  Charles  Melville. 

D  Whitney,  Chestei*- Field  Smith. 

A  W^hitney,  Edward  Melville. 

D  Whitney,  Edward  William. 

D  Whitney,  Harvey  Herbert. 

D  Whitney,  John  Augustus. 

D  Whitney,  Hay  Lester. 


A  Whitney,  WlHlam  Fiske. 

A  Whitney,  William  Herbert. 

D  Whiton,  Robs  Kittredge. 

B  Whlttaker,  WllliAm  Austin. 

A  Whlttemore,  Dwlght  Stanley. 

A  Whitten,  George  Edwin. 

D  Wblttler,  Cordelia  Melvina. 

A  Whltder,  Daniel  Brainard. 

A  WhiUler,  Francis  Fremont. 

B  Whittier,  Helen  Adelaide. 

I)  Whittle,  John  Augustus. 

I)  Whorlskey,  John  Joseph. 

I)  Wlggin,  Ralph  Cleaves. 

I)  Wlggin,  Wnilam  Irving. 

A  Wight,  Daniel  Webster. 

A  Wight,  George  Dewltt. 

D  Wight,  Thomas  Henry  Toynbee. 

I)  Wllber,  Walter  Cranston. 

C  Wilbur,  Alllston  Chester. 

B  Wilbur,  Ezra  Richmond. 

A  Wilbur,  Hubert  Granville. 

A  WMlbur,  Sarah  Mann. 

A  Wilcox,  Dorvil  Miller. 

D  Wilcox,  Franklin  Samuel. 

A  Wild,  (ieorge  Warren. 

A  Wilder,  Raymond  Sargent. 

A  Wilder,  Sarah  Elizabeth. 

A  Wildes,  Adeline  Wilklns. 

D  Wiley,  Harriet  Mary. 

B  Wilinsky,  Adolph. 

1)  Wlllnsky,  Charles  Francis. 

A  Wilkin,  Anna  Maria. 

D  Wilklns,  Charles  Downes. 

D  Wilklns,  George  Clarence. 

A  Wllkina,  George  Henry. 

I>  WiUard,  Frederick  Buell. 

B  Willard,  Mary  Antoinette. 

D  Williams,  Abram  Case. 

A  Williams,  Augustus  Gilbert. 

B  Williams,  Benjamin  Barney. 

A  Williams,  Charles  Crosby. 

E  Williams,  Charles  Edward. 

C  Williams,  Charles  Herbert. 

A  Williams,  Christopher  Earle. 

B  Williams,  Clara  Augusta. 

D  Williams,  Dudley  Abeel. 

C  Williams,  Edward  Denlson. 

A  Williams,  Edward  Russell. 

A  wnillams,  Edward  Tufts. 

A  Williams,  Frances  Elizabeth. 

A  Williams,  Francis  Henry. 

C  Williams,  Frank  Percival. 

D  Williams,  Frederic  Allen. 

D  Williams,  Frederic  Darbey. 

A  Williams,  Harold. 

A  Williams,  Harry  Augustus. 

D  Williams,  Harry  Edwin. 

A  Williams,  Henry  Clarence. 

D  Williams,  Hubert  Joseph. 

D  Williams,  Hugh. 
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\ 

Williams,  Joc^ob  I  afayettc. 

A 

Wolcott,  (irace. 

D 

Williaiii8»  John  Thoniud. 

B 

Wolcott,  Joseph  Arthur. 

A 

WllUanis.  Joseph. 

A 

Wood,  Albert. 

1) 

Williams,  Pearl. 

D 

Wood,  Duncan  HcRuar. 

I) 

Williams,  Uuby  May. 

A 

Wood,  Edward  Stlckney. 

A 

Williams,  Sara  Jane. 

A 

Wood,  Henry  Austin. 

B 

WllllamH,  Thomas  Fruncls. 

D 

Wood,  IsabelUi  Smith. 

1) 

Williams,  WeilliiKton. 

D 

Wood,  Henry  Walton. 

D 

Williams,  Vlrans  Vad. 

A 

Wood,  Julia  Beard. 

B 

Willis,  Andrew  Everett. 

D 

Wood,  Mary  Anna. 

D 

Willis,  Charles  Austin. 

D 

Wood,  Nathaniel  Knight. 

B 

Wnitls,  Dwlght  Fletcher. 

A 

Woo<l,  Nelson  Mervln. 

D 

Wiins,  John  Em  lien. 

A 

Wood,  Norman  Perkins. 

C 

Willis,  John  Warren. 

A 

Wood,  Rosto  Owln. 

B 

Willis,  Josluh  Cireene. 

A 

Wood,  Stephen  Andrew. 

A 

Willis,  Reuben. 

A 

Woodbury,  Charles  Edward. 

D 

Wilson,  Almlra  Janette. 

D 

Woodbury,  Frank  Taylor. 

D 

Wilson,  George  Gordon  Byron. 

A 

Woodbury,  George  Edwin. 

A 

WMlson,  Georgiana. 

D 

Woodbury,  Herbert  Elwell. 

A 

Wilson,  Charles  Mllo. 

A 

W^oodbury,  Louis  Augustus. 

A 

Wilson,  Charles  Oscar. 

A 

Woodbury,  StUIroan  Phlletu:^. 

A 

Wilson,  Darius. 

D 

Woodbury,  WUlard  Porter. 

D 

Wilson,  firastus  Lozier. 

A 

Woodbury,  William  Rlchardfjon. 

C 

Wilson,  Frederic  Newhall. 

D 

Woodhead,  Raynor. 

A 

Wilson,  George  Slocomb. 

D 

Woodhouse,  Alfred. 

A 

Wilson,  Howard  Eugene. 

D 

WoodlU,  Edith  Esty. 

E 

Wilson,  James  Cornelius. 

A 

Woodill,  George  Franklin. 

D 

Wilson,  James  Johnston. 

D 

Woodman,  Alice  Stuart. 

D 

Wilson.  John  Herbert. 

A 

Woodman,  Anrln  Payson. 

D 

Wilson,  Louis  Thornton. 

A 

Woodman,  George  Sulliyan. 

A 

Wilson,  Nettle  Frances  Mosher. 

A 

Woodman,  Julia  Frances. 

D 

Wilson,  Robert  Browning. 

A 

Woodruif,  Morgan  Lewis. 

D 

Wilson,  William  Eaton. 

D 

Woodruif,  Richard  Allen. 

D 

Wilson,  William  Henry. 

D 

Woodruff.  William  Jessup. 

D 

Wims,  Denis  Patrick 

A 

Woods,  Charles  Ed^vln. 

£ 

Winchester,  George  Wesley. 

A 

Woods,  Charles  Livingston. 

A 

Windsor,  Sarah  Sweet. 

A 

Woods,  Frank  Aylmer. 

A 

Wing,  Clifton  Ellis. 

D 

Woods,  George  Lyman. 

A 

Wing,  Edward  Pay  son. 

A 

Woods,  Jarvis  Uriah. 

£ 

Wingersky,  Abraham  Samuel. 

A 

Woods,  Jonathan  Henry. 

A 

Winkler,  Joseph  Alexander. 

C 

Woods,  Prince  Tannatt. 

A 

Winkley,  Jonathan  Wingate. 

D 

Woodward,  Charles  Todd. 

A 

Winn,  Charles  Henry. 

A 

Woodward,  Johnson  Rnfus. 

£ 

Winner,  George  Lloyd. 

A 

Woodward,  Lemuel  Fox. 

£ 

Winslow,  Benjamin  Sabert. 

A 

Woodward,  Samuel  Bayard. 

A 

Wlnslow,  Edward  Smith. 

A 

Woodworth,  Dwlght  Sidney. 

D 

Wluslow,  Frederick  Bradlee. 

D 

Woodworth,  Helen  Ida. 

D 

Winslow,  George  Edgar. 

B 

Woodworth,  John  Dawson  Ros- 

A 

WMnslow,  Keneim. 

well. 

D 

Winslow,  William  Henry. 

£ 

Wooldrldge,  Frederick  Vanuxeni. 

J> 

Winslow,  Richard  Elliott. 

A 

Woolly,  Emma  Myrtice. 

A 

Wiswall,  Edward  Hastings. 

A 

Worcester,  Alfred. 

A 

Witham,  Charles  Henry. 

A 

Worcester,  Edward. 

D 

Wlthee,  Frederick  Elmarlen. 

A 

Worcester,  Fitzwllllam  Sargent. 

A 

Withington,  Alfreda  Bosworth. 

A 

Worcester,  George  Waldron. 

A 

Wlthlngton,  Charles  Francis. 

A 

Worcester,  John  Fonerden. 

A 

Witt,  Stephen. 

D 

Wormelle,  Charles  Burton. 

A 

Witter,  Wilbur  Flske. 

£ 

Worth,  Edward  Philip. 

D 

Wlx,  George  Brinton. 

D 

Worthen,  Charles  Arthur. 

D 

Wolbacb,  Simeon  Burt. 

D 

Worthing,  Frank  Bertelle. 
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1) 

WorthlDgton,  Arthur  Morton. 

I) 

YooBuf,  Abraham  Kevork. 

1) 

Woee,  Alfred  Millard. 

£ 

York,  Herbert  Leroy. 

I) 

Wren,  William  Guy. 

A 

York,  Roger  Sherman. 

I> 

Wright,  Charles  Slas. 

A 

Yorke,  Albert  Daniel. 

1) 

Wright.  Charles  Wardsworth. 

A 

Young,  Benjamin  Herbert. 

c 

Wright,  Eliphalet. 

A 

Young,  Charles  Say  ward. 

A 

Wright,  Erwln. 

A 

Young.  Edgar  William. 

B 

Wright,  Frank  Edward  Kenible. 

A 

Young,  Edmund  Sanford. 

I) 

Wright,  (yeorge  Hermann. 

E 

Young,  Emma  Elizabeth. 

A 

Wright,  Helen  La  Forest. 

I) 

Young,  Ernest  Boyen 

A 

Wright,  James  Henry. 

C 

Young,  Jonathan  Frank,  Jr. 

A 

Wright,  John  Homer. 

A 

Young,  John  Francis. 

A 

Wright,  Mary  Jane. 

A 

Young.  John  Franklin. 

B 

Wright,  William. 

A 

Young,  Leyander  John. 

B 

Wunsch,  Paulina. 

D 

Young,  OscAr  Cummlngs. 

E 

Wyer,  Harry  (Jage. 

E 

Young,  Ralph  Randal. 

A 

Wyllc,  Ella  Rosalind. 

D 

Young,  Roy  Demas. 

C 

Wylle,  Eugene  Cushman. 

D 

Young,  Ward. 

£ 

Wyman,  Harry  Monroe. 

D 

Youngman,  Julia  Ross. 

A 

Wyman,  John  lAnsen. 

E 

Yost,  John  Dixon. 

1) 

Wynne,  Richard. 

A 

Yvon,  Jean  Baptiste  Wilfred. 

I) 

Yager,  Granville  Lewis. 

A 

Zabriskle,  Frank  Hunter. 

A 

Yale,  Charles  Henry. 

D 

Zabrisklc,  Fred  Templeton. 

A 

Yale,  Joseph  Cummlngs. 

B 

Zannos,  George  Anaat. 

D 

Yale,  Leroy  Milton. 

I) 

Zimmermann,  LouUe  Juliet. 

E 

Yardume,  Manoug  Garabet. 

D 

ZipUnsky,  Henry  Edward. 

I) 

Yeaton,  (ieorgo  William. 

A 

Ziselman,  Max. 

A 

Yenetchl,  Henry  Alnsworth. 
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Board  of  Registration  in  Dentistry,  Dec.  81,  1904. 
To  His  Excellency  John  L.  Bates,  Oovemor  of  Massachusetts. 

Sir  :  —  In  compliance  with  the  requirements  of  section  6, 
chapter  137  of  the  Acts  of  1887,  establishing  a  Board  of 
Begistration  in  Dentistry,  we  have  the  honor  to  submit 
to  you  the  eighteenth  annual  report,  for  the  year  ending 
Dec.  31,  1904. 

The  commissions  of  Dwight  M.  Clapp,  D.M.D.,  of  Boston, 
and  George  A.  Maxfield,  D.D.S.,  of  Holyoke,  having  ex- 
pired in  April,  they  were  reappointed  members  of  this  Board 
by  Your  Excellency  for  three  years,  and  qualified  according 
to  law. 

At  the  June  meeting  of  the  Board  John  F.  Dowsley  of 
Boston  was  re-elected  president  and  George  E.  Mitchell  of 
Haverhill  was  re-elected  secretary. 

Meetings  for  the  examination  of  candidates  were  held  in 
March,  June  and  October.  The  result  of  these  examinations 
is  as  follows  :  — 


March  examination :  — 

Number  passed  on  first  examination,  . 
Number  passed  on  second  examination, 
Number  passed  on  third  examination, . 
Number  passed  on  fourth  examination. 
Number  passed  on  fifth  examination,  . 
Number  passed  on  sixth  examination, . 


Total, 

Number  failed 
Number  failed 
Number  failed 
Number  failed 
Number  failed 
Number  failed 
Number  failed 
Number  failed 
Total, 


on  first  examination,  . 
on  second  examination, 
on  third  examination,  . 
on  fourth  examination, 
on  fifth  examination,  . 
on  sixth  examination,  . 
on  seventh  examination, 
on  eleventh  examination. 


41 
6 
3 
3 

1 


33 
7 

11 
3 
2 
1 
1 
1 


54 


69 


Total  number  examined  in  March, 


113 


REGISTRATION   IN   DENTISTRY. 


[Jan. 


June  examination :  - 
Number  passed 
Number  passed 
Number  passed 
Number  passed 
Number  passed 
Number  passed 
Number  passed 
Total,       . 

Number  failed 
Number  failed 
Number  failed 
Num];)er  failed 
Number  failed 
Number  failed 
Number  failed 
Total, 


on  first  examination,  . 
on  second  examination, 
on  third  examination,  . 
on  fourth  examination, 
on  fifth  examination,  . 
on  sixth  examination,  . 
on  seventh  examination. 


on  first  examination,  . 
on  second  examination, 
on  third  examination,  . 
on  fourth  examination, . 
on  fifth  examination,  . 
on  sixth  examination,  . 
on  seventh  examination, 


81 

16 

2 

2 

2 


23 
12 
2 
5 
2 
1 
S 


55 


48 


Total  number  examined  in  June, 


103 


October  examination :  — 
Number  passed  on 
Number  passed  on 
Number  passed  on 
Number  passed  on 
Number  passed  on 
Number  passed  on 
Number  passed  on 
Number  passed  on 
Total,       . 


first  examination,  . 
second  examination, 
third  examination,  . 
fourth  examination, 
fifth  examination,  . 
sixth  examination,  . 
seventh  examination, 
eighth  examination. 


Number  failed  on 
Number  failed  on 
Number  failed  on 
Number  failed  on 
Number  failed  on 
Number  failed  on 
Number  failed  on 
Number  failed  on 
Total, 


first  examination, 
second  examination, 
third  examination,  . 
fourth  examination, . 
fifth  examination,  . 
sixth  examination,  . 
seventh  examination, 
eighth  examination. 


Total  number  examined  in  October, 

Whole  number  passed  for  the  year  1904,     . 
Whole  number  failed  for  the  year  1904, 


IS 
9 
5 

4 
1 


7 
13 
4 
6 
1 

1 

1 


33 


32 
65 

142 
139 


Whole  number  examined  for  the  year  1904, 


281 
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Again  we  desire  to  call  attention  to  the  fact  that  the  law 
makes  no  provision  for  prosecuting  offenders,  and  does  not 
direct  the  Board  to  take  initiatory  action  for  its  enforce- 
ment. The  Board,  however,  deems  it  of  the  utmost  im- 
portance that  the  law  should  be  more  generally  enforced  in 
the  prosecution  of  unregistered  persons  practising  dentistry 
in  defiance  of  the  dental  act. 

As  at  present  constituted,  the  Board  has  no  funds  to  em- 
ploy agents  to  investigate  and  prosecute  such  cases,  and  we 
would  recommend  that  a  sufficient  amount  be  appropriated 
by  the  next  General  Court  for  this  purpose.  Unless  some 
special  effort  is  inaugurated  to  suppress  this  growing  evil, 
the  efficiency  of  the  dental  law  to  protect  the  public  jfrom 
unskillful  and  unscrupulous  persons  will  be  seriously  ham- 
pered. 

We  also  recommend,  as  an  additional  safeguard  to  the 
public,  that  an  amendment  to  the  dental  act  be  made,  — 
that  individuals  employing  unregistered  persons  be  equally 
guilty  and  amenable  to  the  law. 

During  the  past  year  a  new  evasion  of  the  law  has  come 
to  the  knowledge  of  the  Board.  Taking  advantage  of  that 
provision  of  the  existing  law  which  permits  a  student  of  a 
dental  college  to  perform  operations  '*  in  the  college  infirm- 
ary, as  a  part  of  the  regular  course,"  without  examination 
before  or  a  certificate  from  the  Board,  certain  so-called  dental 
colleges  have  been  organized  and  incorporated  ;  students  are 
advertised  for,  —  those  of  prior  experience  preferred ;  and 
these  students  are  expressly  employed  to  practise  on  the 
public,  ostensibly  for  the  purpose  of  education,  but  in  reality 
for  the  financial  profit  of  the  promoters.  Under  this  scheme 
the  students  not  only  work  without  pay,  but  pay  for  the 
privilege  ;  while  the  public,  without  knowledge  of  the  facts, 
are  practised  upon  and  charged  in  the  usual  way  for  the 
work  these  students  perform. 

Commercialism  in  the  profession  is  a  growing  evil,  and, 
if  this  new  scheme  to  evade  and  escape  the  penalties  of  the 
law  proves  to  be  successful  in  one  or  two  instances,  it  is  sure 
to  spread.  The  only  remedy  is  by  legislation,  and  this  the 
Board  recommends  at  the  earliest  date. 


8  REGISTRATION   IN    DENTISTRY.     [Jan.  1905. 

The  meetings  for  examinations  of  candidates  during  1 905 
will  be  held  in  Boston,  March  8-10,  June  21-23,  and  Octo- 
ber 25-27.  Special  notice  of  the  examinations  is  published 
in  the  dental  journals  one  month  preceding  each  meeting. 

The  receipts  and  expenditures  of  the  Board  since  the  last 
report  are  as  follows  :  — 

Receipts. 

Balance  in  State  treasury  Jan.  1,  1904,  (35  46 

Fees  for  examinations,  March,  Jane  and  October,  .         3,290  00 


13,325  46 


Expenditures. 
Expenses  to  Dec.  31,  1904, 2,311  85 


Balance  in  State  treasury  Jan.  1, 1905,  .  (1,013  61 

JOHN  F.  DOWSLEY,  President. 

G.  EVERETT  MITCHELL,  Secretary. 
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REPORT. 


To  His  Excellency  John  L.  Bates,  Chvemor, 

Sir  :  —  We  have  the  honor  to  respectfully  submit  the  fol- 
lowing report  concerning  the  condition  of  pharmacy  in  the 
State,  and  of  our  official  acts  and  financial  transactions,  during 
the  past  year.  We  think  this  year  has  been  one  of  average 
prosperity  among  the  pharmacists  of  our  State,  and  that  as  a 
rule  the  financial  returns  from  the  drug  business  in  Massachu- 
setts will  compare  favorably  with  other  States  in  the  Union. 
The  pharmacists  of  our  State  are  still  working  along  the  lines 
of  co-operation  and  fraternal  organization  for  the  purpose  of 
elevating  the  standard  of  our  business  both  professionally  and 
commercially.  In  many  sections  of  our  State  success  has 
crowTied  their  eflTorts,  while  in  some  parts  of  the  Conmion- 
wealth  the  results  obtained  have  been  discouraging,  but  as  a 
whole  the  year  has  been  marked  by  progress,  and  we  think 
the  general  conditions  are  better  than  one  year  ago.  Results 
can  only  be  obtained  by  organization  and  persistent  work,  and 
the  measure  of  success  attained  in  the  past  should  be  an  en- 
couragement to  greater  eflEbrt  in  the  future. 

Examinations. 

During  the  past  year  our  examinations  have  been  conducted 
on  the  same  plan  as  the  previous  year,  and  the  tabulated  re- 
sults of  the  work  will  be  found  in  the  secretary's  report.  We 
think  it  is  our  duty  to  again  call  the  attention  of  all  young 
men  who  are  thinking  of  adopting  pharmacy  as  their  calling  to 
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the  necessity  of  obtaining  a  thoroogh  preliminary  education 
before  entering  a  drug  store  to  learn  the  business.  The  ten- 
dency at  the  present  time  in  all  lines,  professional  and  com- 
mercial, is  toward  a  higher  standard  of  education.  One  State 
(New  York)  has  already  adopted  a  law  which  provides  as  a 
prerequisite  to  examination  before  a  board  of  pharmacy,  that 
the  candidate  must  be  a  graduate  of  a  college  of  pharmacy.  It 
is  a  duty  which  every  pharmacist  owes  to  himself,  to  the  pub- 
lic and  the  young  man  to  refuse  to  receive  any  one  wishing  to 
learn  the  business  who  is  not  a  graduate  of  a  high  school.  We 
would  most  earnestly  recommend  that  every  young  man,  if 
possible,  become  a  graduate  from  a  college  of  pharmacy  before 
presenting  himself  before  this  Board  for  examination.  We 
are  living  in  an  age  when  progress  is  inscribed  on  every  mile- 
post  in  the  world's  great  highway,  and  he  who  would  win  in 
the  race  must  be  an  educated  man. 

The  president  of  our  Board  had  the  honor  of  being  appointed 
a  delegate  by  Your  Excellency  to  represent  the  Common- 
wealth of  Massachusetts  at  the  conference  of  American  boards 
of  pharmacy,  held  at  Kansas  City,  September  5  to  10,  under 
the  auspices  of  the  American  Pharmaceutical  Association. 
Twenty-seven  States  were  represented  at  this  meeting  and 
much  good  work  was  accomplished,  which  we  trust  in  time 
will  bring  about  a  much-needed  change,  namely^  a  uniform 
pharmacy  law  for  all  the  States  in  the  Union.  The  conditions 
are  such  at  the  present  time  that  the  certificate  of  one  State  is 
not  recognized  by  another  except  in  a  very  few  cases,  and  a 
pharmacist  must  pass  a  new  examination  should  he  wish  to 
locate  in  a  State  other  than  his  own.  This  is  an  uncalled-for 
hardship,  especially  to  registered  drug  clerks.  There  should 
be  a  uniform  standard  of  examinations,  and  a  certificate  of 
registration  should  be  valid  in  all  States  of  the  Union.  At 
the  meeting,  in  Kansas  City  a  permanent  organization  was 
formed,  to  be  known  as  the  National  Association  of  Boards  of 
Pharmacy,  to  meet  yearly  in  conjunction  with  the  American 
Pharmaceutical  Association,  the  purpose  of  this  association 
being  to  provide  for  interstate  reciprocity  in  pharmaceutical 
licensure,  based  upon  a  more  uniform  standard  of  pharmaceu- 
tical education  and  legislation. 
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Enforcement  of  the  Fhabmaot  Law. 

The  statutes  provide  that  as  a  prerequisite  to  obtaining  a 
sixth-class  license  the  applicant  must  obtain  from  our  Board 
a  certificate  of  fitness,  stating  that  in  our  opinion  he  is  a  fit 
person  to  have  the  same,  and  that  the  public  good  will  be 
promoted  by  granting  such  a  license  ;  and  in  connection  with 
the  granting  of  these  certificates  an  unusual  amount  of  work 
has  devolved  on  our  Board  this  year.  In  consequence  of  in- 
vestigations made  by  the  police  authorities  in  some  of  the  cities 
and  towns  of  this  State,  a  large  amount  of  evidence  was  turned 
over  to  us,  showing  beyond  a  doubt  that  some  druggists,  under 
the  guise  of  a  sixth-class  license,  which  gives  them  the  privi- 
lege of  selling  liquor  for  medicinal,  mechanical  and  chemical 
purposes  only,  had  been  doing  a  liquor  traffic  which  would 
place  them  in  the  class  of  liquor  dealers  rather  than  pharmacists, 
and  in  all  such  cases  we  have  refused  to  grant  a  new  certificate. 
The  pharmacists  of  this  State  should  understand  that  a  sixth- 
class  license  does  not  give  them  the  right  to  sell  all  kinds  of 
liquor  at  all  times,  in  large  or  small  quantities,  to  any  person 
who  may  wish  to  purchase  the  same,  even  though  they  may 
certify  in  writing  that  they  wish  it  for  medicinal,  mechanical 
or  chemical  purposes.  A  pharmacist  has  no  right  to  sell  to  a 
person  he  has  good  reason  to  believe  will  use  it  for  a  beverage, 
and  when  his  liquor  sales  are  greater  than  his  drug  business 
he  cannot  possibly  plead  as  an  excuse  that  he  sold  only  for 
medicinal  purposes.  The  greatest  foe  the  legitimate,  law- 
abiding  pharmacist  of  to-day  has  to  meet  is  the  man  who, 
under  the  disguise  of  a  druggist,  runs  a  liquor  store.  Without 
any  regard  for  the  ethics  of  our  profession  he  is  usually  a  trade 
demoralizer,  and  the  honest  pharmacist  has  to  meet  his  un&ir 
competition.  He  defrauds  the  State  by  doing  a  first-class 
liquor  business  under  a  sixth-class  license.  A  drug  store  that 
cannot  live  without  a  liquor  license  has  no  excuse  for  being, 
and  should  be  abolished.  In  no  State  of  our  Union  is  the 
pharmacist  granted  so  great  a  priyilege  as  the  druggist  of  Mas- 
sachusetts enjoys  under  the  sixth-class  license  granted  him  by 
our  laws.  The  Commonwealth  says  to  him :  ^*  It  is  necessary 
there  should  be  a  place  in  every  conmiunity  where  liquors  can 
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be  purchased  for  medicinal  use,  and,  relying  on  your  character 
as  a  man  and  your  standing  as  a  pharmacist,  we  grant  you  this 
privilege  to  .be  used  for  the  good  of  the  public."  A  large 
majority  of  the  pharmacists  of  our  State  are  striving  to  do  an 
honest  and  legitimate  business,  and  they  should  insist  that  the 
laws  regulating  the  sixth-class  license  be  lived  up  to. 

When  the  State  created  the  Board  of  Registration  in  Phar- 
macy, it  also  enacted  certain  laws  for  the  purpose  of  regulating 
the  practice  of  pharmacy,  and  it  is  the  business  of  our  Board 
to  see  that  these  laws  are  enforced,  and  we  should  be  &lse  to 
our  trust  if  we  did  not  assume  the  responsibility  of  seeing  that 
they  are  obeyed.  It  is  for  the  best  interest  of  the  public  and 
the  legitimate  pharmacists  that  the  laws  should  be  respected, 
and  the  only  reply  we  have  to  make  to  those  persons  who, 
during  the  past  year,  have  criticised  our  official  actions  and 
have  sought  to  prevent  our  doing  our  duty,  is  that  it  is  the 
purpose  of  this  Board  to  continue  as  we  have  done  in  the  past, 
to  enforce  the  laws  under  our  jurisdiction  without  fear,  preju- 
dice or  partiality,  and  we  think  in  pursuing  this  course  we 
shall  have  the  sympathy  and  support  of  a  large  proportion  of 
our  brother  pharmacists  in  this  Commonwealth. 

In  January  of  this  year  a  circular  letter  was  sent  to  every 
drug  store  in  the  State  calling  attention  to  violations  of  the 
pharmacy  law  in  leaving  stores  in  charge  of  unregistered  men. 
We  recognize  that  in  many  of  the  smaller  stores,  that  are 
owned  and  managed  in  person  by  the  proprietor,  who  is  a  reg- 
istered pharmacist,  the  amount  of  business  does  not  admit  of 
hiring  a  registered  clerk  at  all  times  of  the  year ;  but  when  the 
proprietor  is  away  for  days  and  weeks  at  a  time,  transacting 
other  business,  or  on  a  vacation,  such  a  condition  is  an  un- 
qualified violation  of  the  law  and  should  not  be  permitted. 
When  such  cases  have  been  brought  to  our  attention,  we  have, 
through  our  agent,  investigated  them  and  reported  the  facts  to 
the  proper  prosecuting  officer.  Our  agent  has,  in  the  dis- 
charge of  his  duties,  visited  all  parts  of  the  State,  and  every 
complaint  that  has  come  to  our  office  has  been  investigated. 

Many  requests  having  been  made  to  our  Board  to  publish, 
as  a  part  of  our  annual  report,  a  list  of  the  registered  pharma- 
cists engaged  in  business  in  this  State,  we  decided  to  do  so 
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this  year,  and  had  a  complete  list  prepared,  but  the  State 
Board  of  Publication  refused  to  allow  the  same  to  be  printed, 
on  the  ground  that  such  a  list  was  uncalled-for  and  an  unnec- 
essary expense  to  the  State. 

Respectfully  submitted, 

GEO.  M.  HOYT,  President. 

C.  F.  NIXON,  Secretary. 

HENRY  ADAMS. 

WM.  F.  SAWYER. 

FRED  A.  HUBBARD. 
BoBTOH,  Mabb.,  Got.  1, 19M. 


It  is  with  sorrow  and  regret  that  we  part  with  the  services 
of  our  colleague.  Prof.  Charles  F.  Nixon  of  Leominster,  whose 
term  of  office  expires  October  1  of  this  year.  In  this  instance, 
at  least,  the  law  which  forbids  a  re-appointment  on  our  Board 
will  work  a  distinct  injury  to  the  cause  of  true  pharmacy  in 
our  State,  for  it  will  be  hardly  possible  to  find  a  man  so  emi- 
nently fitted  to  perform  the  dilties  which  he  has  so  &ithfully 
discharged  during  the  years  he  has  served  on  our  Board.  A 
man  of  scholarly  attainments,  a  leader  in  his  chosen  profession, 
we  have  been  accustomed  to  look  to  him  for  guidance  and 
counsel.  He  has  given  himself  generously  to  the  service  of 
the  State,  serving  with  earnestness  in  every  duty  to  which  he 
has  been  called.  During  his  term  of  five  years  he  has  filled 
the  office  of  both  president  and  secretary.  By  reason  of  his 
retirement  from  this  Board  we  part  with  a  true  and  honored 
friend  and  the  State  loses  the  services  of  a  faithful  officer. 

GEO.  M.  HOYT. 
HENRY  ADAMS. 
FRED  A.  HUBBARD. 
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SECRETARY'S    REPORT. 


Examination  Acxjount. 

Meetings  for  examinations  have  been  held  on  dates  and  with 
results  as  follows  :  — 


1MS-1904. 

• 

1 

• 

e 

8 

• 

9 

IteS-lMM. 

m 

• 

• 

m 

October  6,     . 

f 

7 

2 

5 

March  22, 

9 

2 

7 

October  13,   . 

9 

6 

4 

March  29, 

11 

3 

8 

October  20,   . 

10 

1 

9 

April  5,  . 

10 

4 

6 

October  27,  . 

1 

7 

5 

2 

April  12, 

6 

- 

6 

November  10, 

10 

4 

6 

April  26, 

9 

3 

6 

November  17, 

9 

8 

6 

May  3,    . 

8 

4 

4 

November  24, 

10 

3 

7 

May  10,  . 

9 

1 

8 

December  1, . 

10 

6 

4 

May  17,  . 

9 

3 

6 

December  8, . 

9 

3 

6 

May  24, . 

11 

7 

4 

December  15, 

9 

6 

3 

May  31, . 

10 

8 

7 

December  29, 

8 

2 

6 

June  1,  . 

12 

- 

12 

January  5,    . 

10 

3 

7 

June  7,  . 

12 

6 

7 

January  12,  . 

10 

2 

8 

June  8,  .        . 

12 

4 

8 

January  19,  . 

9 

2 

7 

June  14, 

12 

3 

9 

January  26,  . 

10 

5 

5 

June  15, 

12 

4 

8 

February  2,  . 

V 

10 

3 

7 

June  24, 

12 

2 

10 

February  9,  . 

7 

2 

5 

June  28, 

10 

2 

8 

February  16, 

8 

5 

3 

September  20, 

9 

8 

6 

February  23, 

12 
11 

7 

4 
4 
2 

8 
7 
5 

September  27, 
Totals,      . 

11 

5 
132 

6 

March  1, 
March  8, 

41 

397 

265 

March  15, 

11 

2 

9 
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Of  the  132  certifk»tes  granted  this  year :  — 


8S  puaed  on  first  examination. 


40 

u 

second 

31 

u 

third 

12 

M 

fourth 

14 

»i 

fifth 

5 

M 

sixth 

6 

U 

seventh 

M 


i4 


tc 


it 


8  passed  on  eighth  examination. 

1  ••  ninth  " 

6  "  tenth  •* 

1  «•  twelfth  " 

1  ••  thirteenth  " 

1  '*  fourteenth  " 

1  "  fifteenth  " 


Financial  Statkmemt  frok  Oct.  1, 1908,  to  Oct.  1,  .1904. 

ExaminaUons. 

Fees  received  for  the  year  ending  Sept.  80,  1904 :  ~ 

For  examinations,  257  at  18 |771  00 

For  examinations,  141  at  |5, 706  00 

For  duplicate  certificates,  5atfl, 600 

|1,481  00 

Paid  Stote  Treasurer,     .  .        .        .        .        .  .   11,481  00 

CeriificaUs  of  Fitness, 

Amount  received  from  Oct.  1, 1903,  to  March  1, 1904,  for  certifi- 
cates of  fitness  to  expire  April  80, 1904  (|1  each),     .  |62  00 

Cash  paid  State   Treasurer,  certificates  having 
been  granted, |47  00 

Fees  returned,  applications  having  been  rejected 
or  withdrawn, 18  00 

Amount  transferred  to  new  account,  applications 
continued  for  action  by  the  Board,      ...         2  00 

Amount  received  from  March  1, 1904,  to  Oct  1, 1904,  for  certifi* 

cates  of  fitness  to  expire  April  80,4906  (|1  each),    .        .  |1,278  00 
Cash  paid  to  State  Treasurer,  certificates  having 

been  granted, 11,161  00 

Fees  returned,  applications  having  been  rejected 

or  withdrawn, 116  00 

Amount  transferred  to  new  account,  applications 

continued  for  action  by  the  Board,      ...  2  00 

Annual  Appropriation  for  the  Board  for  Year  ending  Dec.  31, 1904, 

Salaries  of  members,      .        .                       |2,400  00 

Expenses  of  members, 1,476  00 

Agent,  salary  and  expenses, 2,400  00 

Stenographer,  witness  fees,  incidental  and  contingent  expenses, 

including  printing  of  annual  report, 1,600  00 

$7,776  00 

Note.  —  The  financial  year  of  the  State  ends  December  81,  while  the 
financial  year  of  the  Board  ends  September  80. 
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Expenditures  of  the  Board- for  Year  ending  Sept,  30^  1904. 


George  M.  Hoyt, 

Charles  F.  Nixon, 

Henry  Adams,  . 

William  F.  Sawyer, 

Fred  A.  Hubbard, 

Simon  B.  Harris,  agent, 

Bessie  B.  Burroughs,  stenographer. 


SaUiy. 

Expeose. 

TotaL 

f500  00 

•307  80 

1807  80* 

1,000  00 

485  52 

1,485  52 

300  00 

462  34 

762  34 

300  00 

51  85 

351  85 

300  00 

80  57 

880  57 

1,600  00 

693  21 

2,193  21 

720  00 

— 

720  00 

|4,620  00   12,081  29   |6,701  29 


Wright  &  Potter  Printing  Company,     ....  |272  65 

The  Bradstreet  Company, 50  00 

Oilman  Brothers, 55  61 

Press  Clipping  Bureau, 25  60 

The  £.  L.  Patch  Company, 24  79 

Samuel  Ward  Company, 20  76 

Henry  W.  Stone 20  70 

Bertha  Conley, 18  34 

Whitall  Tatum  Company 15  25 

New  England  Telephone  and  Telegraph  Company,     .  14  55 

J.  L.  Hammett  Company, 10  00 

Remington  Typewriter  Company^         ....  9  80 

Neostyle  Company, 7  20 

William  H.  Bradford, 7  20 

Sampson  Murdock  &  Company, 6  50 

Pocket  Manual  Company, 1  00 

J.  L.  Morse, 1  95 

Belknap  &  Co 1  75 

Dennison  Manufacturing  Company,      ....  1  60 

Paid  for  witness  fees,             69  75 

Paid  for  laundry  for  examination  department,             .  7  38 

Paid  for  postal  supplies, 4  32 


646  70 


17,347  99 


*  Expenses,  $102.10,  as  delegate   to  the  Conference  of  American  Boards  of 
Pharmacy  at  Kansas  City,  Mo. 
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The  following  registered  pharmacists  have  died  during  the 
past  year :  — 


Ames,  John  N., Chelaea. 

Brackett,  Charles  L., .    .    .    .  Boston. 

Bugby,  J.  L., Springfield. 

Carter,  Miles  O., Lowell. 

Emery,  Joseph  U Lynn. 

Fisk,  Stephen  B., Upton. 

Garcelon,  Harvey  S.,  .    .    .    .  Somerville. 

Gates,  Edward  O., Springfield. 

Goodnow,  Elbridge  G.,  .    .    .  Stoneham. 

Holllster,  William  T Westfleld. 

HuU,  Frederick  A Pittsfleld. 

Hyland,  James  F., Fall  River. 

Lewis,  Edgar Boston. 


Marston,  Arthnr, .  . 
Martel,  Philias  J.,  . 
Morgan,  Richard  £., 
Nowell,  William  F., . 
Saunders,  Daniel  D., 
Smith,  Warren,  .  . 
Smith,  Frank,  .  .  . 
Sproat,  Clinton,  .  . 
Stover,  Joseph  W.,  . 
VaUlanconrt,  A.  F., . 
Whitney,  Henry  M., 
Willard.  William  H., 
Wood,  Everett  E.,    . 


Wobum. 

Fall  River. 

Boston. 

Boston. 

Gloucester. 

Chicopee. 

East  Bridgewater. 

Taunton. 

Winthrop. 

Canada. 

North  Andover. 

Worcester. 

MiUbury. 


Summary  for  the  Year  ending  Sept.  30,  1904. 

Number  of  meetings  held  for  hearings  and  miscellaneous  business, 

Number  of  hearings  on  applications  for  certificates  of  fitness, 

Number  of  hearings  on  violations  of  the  pharmacy  law, 

Number  of  hearings  on  applications  for  reinstatement. 

Number  of  hearings  on  applications  for  duplicate  certificates, 

Number  of  certificates  suspended  for  four  years. 

Number  of  certificates  suspended  for  three  years. 

Number  of  certificates  suspended  for  two  years, 

Number  of  certificates  suspended  for  one  year,  . 

Number  of  certificates  suspended  for  six  months. 

Number  of  certificates  suspended  for  three  months. 

Number  of  certificates  suspended  for  two  months, 

Number  of  cases  continued  for  sentence, 

Number  of  pharmacists  reinstated. 

Number  of  drug  stores  doing  business  in  the  State, 

Number  of  drug  stores  closed  during  the  year,   . 

Number  of  new  stores  opened  during  the  year,  . 

Number  of  stores  found  owned  by  unregistered  proprietors. 

Number  of  complaints  made  to  the  Board  investigated, 

Number  of  complaints  reported  for  prosecution. 

Number  convicted, 

Number  of  cases  continued  for  trial, 

Number  found  not  guilty. 

Number  imprisoned. 

Amount  of  fines  imposed, 

Number  of  formal  complaints  made  to  the  Board, 


22 

149 

18 

6 

1 

1 

2 

6 

1 

2 

1 

1 

2 

8 

1,522 

20 

12 

15 

ISO 

50 

40 

8 

2 

1 

(2,600 

26 
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LAWS  RELATING  TO  PHARMACY. 


[Ghaftkb  76,  Bktissd  Laws.] 

Registration  of  Pharmacists.    • 

Section  10«  There  shall  be  a  board  of  registration  in  pharmacy 
consisting  of  five  persons,  residents  of  the  commonwealth,  who  shall 
be  skilled  pharmacists,  and  shall  have  had  ten  consecutive  years  of 
practical  experience  in  the  compounding  and  dispensing  of  physician's 
prescriptions,  and  shall  be  actually  engaged  in  the  drug  business. 
Not  more  than  one  member  shall  have  any  financial  interest  in  the 
sale  of  drugs,  medicines  and  chemicals,  and  the  compounding  and 
dispensing  of  physician's  prescriptions  in  the  same  councillor  district. 
One  member  of  said  board  shall  annually  in  September  be  appointed 
by  the  governor,  with  the  advice  and  consent  of  the  council,  for  a 
term  of  five  years  from  the  firet  day  of  October  following,  and  no 
person  appointed  after  the  twenty-fifth  day  of  June  in  the  year 
eighteen  hundred  and  ninety-nine  shall  serve  as  a  member  of  said 
board  for  more  than  five  consecutive  years. 

Section  11.  Said  board  shall  meet  on  the  first  Tuesday  of 
October  in  each  year  at  such  time  and  place  as  it  may  determine, 
and  shall  organize  by  electing  a  president  and  secretary,  who  shaU 
be  members  of  the  board  and  who  shall  hold  their  ofllces  for  the  term 
of  one  year.  The  secretary  shall  give  to  the  treasurer  and  receiver- 
general  a  bond  with  suflQcient  sureties,  to  be  approved  by  the  governor 
and  council,  for  the  faithful  performance  of  his  oflScial  duties.  The 
board  shall  annually  hold  regular  meetings  on  the  first  Tuesday  of 
January,  May  and  October,  and  additional  meetings  at  such  times 
and  places  as  it  shall  determine. 

Section  12.*  Each  member  of  the  board  shall  receive  five  dollars 
for  every  day  actually  spent  in  the  performance  of  his  duties  and  the 
amount  actually  paid  by  him,  not  exceeding  three  cents  a  mile  each 
way,  for  necessary  travelling  expenses  in  attending  the  meetings  of 
the  board.     The  bills  for  such  compensation  and  his  incidental  and 

*  See  act  to  establish  salaries  of  members,  on  page  28. 
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travelling  expenses  shall  be  approved  by  the  boaixl  and  paid  by  the 
commonwealth.  So  much  of  the  receipts  fix>m  examinations  as  may 
be  necessary  for  the  compensation  and  expenses  of  the  board  may,  in 
addition  to  any  amount  authorized  by  the  general  court,  be  used  for 
such  purpose. 

Section  13.  The  board  shall  keep  a  recoix)  of  the  names  of  all 
persons  examined  and  registered  hereunder  and  of  all  money  received 
and  disbursed  by  it,  and  a  duplicate  thereof  shall  be  open  to  inspection 
in  the  office  of  the  secretary  of  the  commonwealth.  Said  board  shall 
annually,  on  or  before  the  first  day  of  January,  make  a  report  to  the 
governor  and  council  of  the  condition  of  pharmacy  in  the  common- 
wealth, of  all  its  official  acts  during  the  preceding  year  and  of  its 
receipts  and  disbursements. 

Section  14.  A  person  who  desires  to  do  business  as  a  pharmacist 
shall,  upon  payment  of  five  dollars,  be  entitled  to  examination,  and  if 
found  qualified  shall  be  registered  as  a  pharmacist  and  shall  receive  a 
certificate  signed  by  the  president  and  secretary  of  said  board.  Any 
person  who  falls  to  pass  such  examination  shall  upon  request  be 
re-examined  after  the  expiration  of  three  months  at  any  regular 
meeting  of  the  board,  upon  the  payment  of  three  dollars.  All  fees 
received  by  the  board  shall  be  paid  by  its  secretary  into  the  treasury 
of  the  commonwealth. 

Section  15.  Every  person  who  has  received  a  certificate  of  regis- 
tration from  the  board  shall  conspicuously  display  the  same  in  his 
place  of  business. 

Section  16.  The  board  shall  hear  all  applications  by  registered 
pharmacists  for  the  granting  of  sixth  class  licenses,  if  a  hearing  is  re- 
quested by  the  applicant,  and  all  complaints  made  to  them  against 
any  person  registered  as  a  pharmacist  charging  him  in  his  business 
as  a  pharmacist  with  violating  any  of  the  laws  of  the  commonwealth, 
the  enforcement  of  which  is  under  the  supervision  of  the  board  of 
registration  in  pharmacy,  and  especially  of  the  laws  relating  to  the 
sale  of  intoxicating  liquors ;  or  engaging  with,  or  aiding  or  abetting, 
another  in  the  violation  of  said  laws ;  or,  if  he  himself  is  not  the 
jowner  and  actively  engaged  in  such  business,  with  suffering  or  per- 
mitting the  use  of  his  name  or  certificate  of  registration  by  others  in 
the  conduct  of  the  business  of  pharmacy.  Such  complaint  shall  set 
out  the  offence  alleged  and  be  made  within  fifteen  days  after  the  date 
of  the  act  complained  of.  The  board  shall  notify  the  person  com- 
plained against  of  the  charge  against  him  and  of  the  time  and  place 
of  the  hearing  at  which  he  may  appear  with  his  witnesses  and  be 
heard  by  counsel.  Three  of  the  members  of  the  boai*d  shall  be  a 
quorum  for  such  heanng.     Witnesses  at  hearings  before  such  board 
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shall  testify  under  oath  and  may  be  sworn  by  a  member  of  the  board. 
The  board  shall  have  power  to  send  for  persons  and  compel  the  at- 
tendance of  witnesses  at  said  hearings. 

Section  17.  If  the  fall  board  sitting  at  such  hearing  finds  the 
person  guilty,  the  board  may  suspend  the  effect  of  the  certificate  of 
his  registration  as  a  pharmacist  for  such  term  as  the  board  fixes,  but 
the  license  or  certificate  of  registration  of  a  registered  pharmacist 
shall  not  be  suspended  for  a  cause  punishable  by  law  until  after  his 
conviction  by  a  court  of  competent  jurisdiction. 

Section  18.  Whoever,  not  being  registered  as  aforesaid,  retails, 
compounds  for  sale  or  dispenses  for  medicinal  purposes  or  keeps  or 
exposes  for  sale  drugs,  m^icines,  chemicals  or  poisons,  except  as 
provided  in  section  twenty-three,  shall  be  punished  by  a  fine  of  not 
more  than  fifty  dollars.  But  the  provisions  of  this  section  shall  not 
prohibit  the  employment  of  apprentices  or  assistants  under  the  per- 
sonal supervision  of  a  registered  pharmacist. 

Section  19.  The  board  shall  investigate  all  complaints  of  the 
violation  of  the  provisions  of  sections  ten  to  twenty-three,  inclusive, 
and  report  the  same  to  the  proper  prosecuting  ofiScers,  and  especially 
Investigate  and  cause  to  be  prosecuted  all  violations  of  sections 
twenty-one  to  twenty-nine,  inclusive,  of  chapter  one  hundred. 

Section  20.  The  board  of  registration  in  pharmacy  may  annually 
expend  not  more  than  two  thousand  dollars  in  the  performance  of  its 
oflScial  duties. 

Section  21.  A  registered  pharmacist  against  whom  a  complaint 
or  charge  is  pending  before  the  board,  or  his  counsel,  shall  have  the 
same  right  of  access  to  documents  in  the  possession  of  said  board  as 
a  person  who  is  charged  with  crime  in  the  courts  of  the  common- 
wealth would  have  to  documents  in  the  possession  of  the  clerk  of  the 
court  or  of  the  prosecuting  ofiScer. 

Section  22.  The  court  or  magistrate  before  whom  a  person  is 
convicted  of  a  violation  of  section  twenty-six  of  chapter  seventy-five, 
of  section  eighteen  of  this  chapter,  of  sections  twenty-five,  twenty- 
six,  twenty-seven  of  chapter  one  hundred  or  of  section  two  of  chapter 
two  hundred  and  thirteen  shall  send  to  the  board  of  registration  in 
pharmacy  a  certificate  under  seal  showing  the  time,  cause  and  place 
of  conviction. 

Section  23.  The  provisions  of  sections  twenty-one  to  twenty- 
nine,  inclusive,  of  chapter  one  hundred,  section  twenty-six  of  chapter 
seventy-five  and  section  two  of  chapter  two  hundred  and  thirteen 
shaU  not  apply  to  physicians  who  put  up  their  own  prescriptions  or 
dispense  medicines  to  their  patients ;  nor  to  the  sale  of  drugs,  medi- 
cines, chemicals  or  poisons  at  wholesale  only ;  nor  to  the  manufacture 
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or  sale  of  patent  and  proprietary  medicines ;  nor  to  the  sale  of  non- 
poiBonous  domestic  remedies  usually  sold  by  grocers  and  others ;  nor 
shall  any  unregistered  member  of  a  copartnership  be  liable  to  the 
penalties  hereof  if  he  retails,  compounds  for  sale  or  dispenses  for 
medicinal  purposes  drugs,  medicines,  chemicals  or  poisons  only  under 
the  personal  supervision  of  a  registered  pharmacist.  The  widow, 
executor  or  administrator  of  a  registered  pharmacist  who  has  died 
or  the  wife  of  one  who  has  become  incapacitated  may  continue  his 
business  under  a  registered  pharmacist. 


[Ghaftsr  100,  Bbtibbd  Laws.] 
Laws  and  Conditions  relative  to  Druggists'  Liquor  License. 

Section  16.  The  licensing  board  may  ftt  any  time  refuse  to  issue 
a  license  to  a  person  whom  it  considers  unfit  to  receive  the  same ;  but 
the  provisions  of  this  chapter  shall  not  be  so  construed  as  to  compel 
said  licensing  board  to  grant  licenses* 

Section  17.  Each  license  shall  be  expressed,  to  be  subject  to 
the  following  conditions :  — 

First,  That  the  provisions  in  regard  to  the  nature  of  the  license, 
and  the  building  in  which  the  business  may  be  carried  on  under  it, 
shall  be  strictly  adhered  to. 

Second,*  That  spirituous  or  intoxicating  liquors  shall  not  be  sold 
between  the  hours  of  eleven  at  night  and  six  in  the  morning  or  on  the 
Lord's  day ;  but  if  the  licensee  is  also  licensed  as  an  innholder  he  may, 
between  the  hours  of  six  in  the  morning  and  eleven  at  night  on  the 
Lord's  day,  supply  such  liquors  to  guests  who  have  resorted  to  his 
inn  for  food  or  lodging. 

Third,  That  spirituous  or  intoxicating  liquor  shall  not  be  sold, 
exchanged  or  delivered,  or  exposed,  offered  or  kept  for  sale,  exchange 
or  delivery,  upon  the  licensed  premises,  unless  it  is  of  good  standard 
quality  and  is  free  from  any  adulteration  prohibited  in  the  Pharma- 
copoeia of  the  United  States  or  by  the  laws  relative  to  adulteration  of 
drugs  and  food,  for  either  a  food  or  a  drug.  If  it  is  marked,  labelled 
or  represented  as  being  the  product  of  any  foreign  country,  it  shall 
also  be  of  the  standard  quality  required  for  its  legal  sale  for  domestic 
use  in  the  country  of  its  reputed  production.  All  such  liquors  which 
are  sold,  exchanged  or  delivered,  or  which  are  exposed  or  kept  for 
sale,  exchange  or  delivery,  under  a  license  of  the  sixth  class,  shall  be 
of  the  quality  required  for  their  sale  as  dmgs  under  the  pro\isions  of 
the  laws  relative  to  the  adulteration  of  drugs  and  food. 

*  See  section  25. 
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Foarth,  That  liqaor  shall  not  be  sold  or  delivered  on  the  licensed 
premises  to  a  person  who  is  known  to  be  a  drunkard,  to  an  intoxicated 
person,  or  to  a  person  who  is  known  to  have  been  intoxicated  within 
the  six  months  last  preceding,  or  to  a  minor,  either  for  his  own  use, 
the  ase  of  his  parents  or  of  any  other  person,  or,  unless  upon  the 
prescription  of  a  duly  registered  physician,  to  a  person  known  to 
have  been  supported  in  whole  or  in  part  by  public  charity  at  any 
time  during  the  twelve  months  last  preceding  the  date  of  the  license. 

Fifth,  That  there  shall  be  no  disorder,  indecency,  prostitution, 
lewdness  or  illegal  gaming  on  the  licensed  premises  or  on  any  prem- 
ises connected  therewith  by  an  interior  communication. 

Sixth,  That  the  license,  or  a  copy  thereof  certified  by  the  record- 
ing officer  of  the  licensing  board  or  by  the  clerk  of  the  city  or  town 
by  which  it  is  issued,  shall  be  displayed  on  the  premises,  in  a  con- 
spicuous position,  where  it  can  easily  be  read. 

Seventh,  That  the  license  shall  be  subject  to  forfeiture,  as  herein 
provided,  for  breach  of  any  of  its  conditions ;  and  that,  if  the  licensee 
is  convicted  of  a  violation  of  any  of  such  conditions,  his  license  shall 
thereupon  become  void. 

Each  license  of  the  first  five  classes  shall  be  subject  to  the  further 
condition  that  the  licensee  shall  not  sell,  give  away  or  deliver  on  the 
licensed  premises  any  intoxicating  liquors  on  a  legal  holiday  as 
defined  in  section  five  of  chapter  eight  or  on  any  day  on  which  a 
national,  state,  city  or  annual  towji  election  is  held  in  the  city  or  town 
in  which  the  licensed  premises  are  situated,  except  the  day  of  an 
election  in  a  city  if  such  election  is  not  required  to  be  held  in  the  ward 
in  which  the  licensed  premises  are  situated ;  but  this  condition  shall 
not  apply  to  a  wholesale  druggist  who,  on  the  day  of  an  election  as 
aforesaid,  sells,  gives  away  or  delivers  intoxicating  liquors  on  the 
licensed  premises,  nor  to  an  innkeeper  who  sells,  gives  away  or 
delivers  in  his  inn  any  intoxicating  liquor  to  a  guest  who  has  resorted 
to  his  inn  for  food  or  lodging ;  but  an  innkeeper  shall  not  upon  such 
holiday  sell,  give  away  or  deliver  intoxicating  liquor  in  his  inn  under 
a  fourth  or  fifth  class  license. 

Section  21.  Druggists  and  apothecaries  may  sell  pure  alcohol 
for  medicinal,  mechanical  or  chemical  purposes ;  and  wholesale  drug- 
gists and  apothecaries  may  also  sell  liquor  of  any  kind,  not  to  be 
drunk  on  the  premises,  under  a  license  of  the  fourth  class. 

Sectiok  22.  No  license  for  the  sale  of  spirituous  or  intoxicating 
liquor,  except  of  the  sixth  class,  shall  be  granted  to  retail  druggists 
or  apothecaries.  One  or  more  licenses  of  the  sixth  class  shall  be 
granted  annually  by  the  licensing  board  of  cities,  or  by  the  mayor 
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and  aldermeD  of  cities  having  no  such  board,  or  by  the  selectmen  of 
towns,  to  retail  druggists  or  apothecaries  who  are  registered  pharma- 
cists actively  engaged  in  business  on  their  own  account,  upon  presenta- 
tion to  the  licensing  board  of  the  certificate  of  fitness  prescribed  by  the 
following  section,  if  it  appears  that  the  applicant  is  a  proper  person 
to  receive  such  license,  and  is  not  disqualified  to  receive  it  under  the 
provisions  of  sections  fifty-three  and  fifty-four.  A  registered  phaima- 
cist  who  owns  stock  of  the  actual  value  of  at  least  five  hundred  dollars 
in  a  corporation  which  has  been  incorporated  for  the  purpose  of  carry- 
ing on  the  drug  business,  and  who  conducts  in  person  the  business  of 
a  store  of  sucli  corporation,  shall  be  considered  as  actively  engaged 
in  business  on  his  own  account  and  as  qualified  to  receive  a  license 
for  such  store. 

Section  23.  The  board  of  registration  in  pharmacy  may,  upon 
the  payment  by  an  applicant  for  a  license  of  the  sixth  class  of  a  fee 
of  not  more  than  one  dollar,  issue  to  him  a  certificate,  which  shall  not 
be  valid  after  one  year  from  its  date,  stating  that  in  the  judgment  of 
said  board  he  is  a  proper  person  to  be  entrusted  with  such  license  and 
that  the  public  good  will  be  promoted  by  the  granting  thereof.  Any 
registered  pharmacist  against  whom  no  complaints  have  been  made  to 
said  board  may  be  considered  a  proper  person  to  receive  such  certifi- 
cate. If  complaint  is  made,  it  shall  state  in  writing  the  reason  why 
a  certificate  should  be  withheld. 

Section  24.  A  license  of  the  ^ixth  class  shall  become  null  and 
void  without  any  process  or  decree,  if  the  registered  pharmacist  to 
whom  it  has  been  granted  ceases  to  conduct  his  business  in  person 
and  on  his  own  account,  or  upon  the  revocation  of  his  certificate  of 
registration  as  a  pharmacist,  unless  the  registered  pharmacist  has 
become  unable  to  so  conduct  his  business  or  has  died,  and  his  business 
is  continued  by  his  wife,  widow,  executor  or  administrator  under 
another  registered  pharmacist. 

Section  25.  Retail  druggists  and  apothecaries  shall  not  sell 
intoxicating  liquor  of  any  kind  for  medicinal,  mechanical  or  chemical 
purposes  except  upon  the  ceitificate  of  the  purchaser,  which  shall 
state  (he  use  for  which  it  is  wanted,  and  which  shall  be  immediately 
cancelled  at  the  time  of  sale  in  such  manner  as  to  show  the  date  of 
cancellation.  They  shall  not,  when  making  such  sales  upon  the 
prescription  of  a  physician,  be  subject  to  the  provisions  of  the  second 
clause  of  section  seventeen. 

Section  26.  Every  retail  druggist  and  apothecary  shall  keep  a 
book  in  which  he  shall  enter,  at  the  time  of  every  such  sale,  the  date 
thereof,  the  name  of  the  purchaser,  the  kind,  quantity  and  price  of 
said  liquor,  the  purpose  for  which  it  was  sold,  and  the  residence  by 
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street  and  number,  if  there  be  such,  of  said  purchaser.  If  such  sale 
is  made  upon  the  prescription  of  a  physician,  the  book  shall  also  con- 
tain the  name  of  the  physician  and  shall  state  the  use  for  which  said 
liquor  is  prescribed  and  the  quantity  to  be  used  for  such  purpose,  and 
shall  be  cancelled  in  the  manner  before  provided  with  reference  to 
ceitificates.     Said  book  shall  be  in  form  substantially  as  follows :  — 


Date. 


Napie 

of 

ParehAMr. 


Beaid«DM. 


Kind 

and 

Qaantity. 


ParpoM 
of 

Um. 


Price. 


Name 

of 

Phyaloian. 


The  certificate  mentioned  in  the  preceding  section  shall  be  a  part 
of  said  book  and  shall  not  be  detached  therefrom,  and  shall  be  in 
form  substantially  as  follows :  — 


CerlificfUe. 
I  wish  to  purchase. 


and  I  certify  that  I  am  not  a  minor  and  that  the  same  is  to  be  used  for 
*  Mechanical  *  Chemical  *  Medicinal  purposes.  [*  Draw  a  line  through 
the  words  which  do  not  indicate  the  purpose  of  the  purchase.] 


Signature. 
Cancelled. 


Section  27.  The  book,  certificates  and  prescriptions  provided 
for  in  the  two  preceding  sections  and  the  book  provided  for  in  sec- 
tion thirty-two  shall  at  all  times  be  open  to  the  inspection  of  the 
licensing  board  in  cities  having  such  boards  and  in  all  other  cities 
and  towns,  to  the  inspection  of  the  mayor  and  aldermen,  selectmen, 
overseers  of  the  poor,  sheriffs,  constables,  police  ofiScers  and  justices 
of  the  peace. 

Section  28.  Whoever  makes  or  issues  a  false  or  fraudulent  cer- 
tificate or  prescription  referred  to  in  sections  twenty-five  and  twenty- 
six  shall  be  punished  by  a  fine  of  ten  dollars. 

Section  29.  Whoever,  not  being  a  registered  pharmacist,  pro- 
cures a  sixth  class  license  for  the  sale  of  intoxicating  liquors  in  the 
name  of  a  registered  pharmacist  who  is  dead,  or  in  the  name  of  a 
registered  pharmacist  by  borrowing,  hiring  or  purchasing  the  use  of 
his  certificate,  and  who,  being  himself  the  owner  or  manager  of  the 
place,  shall  himself  or  by  his  servants  sell  intoxicating  liquor,  shall 
be  punished  by  a  fine  of  not  less  than  fifty  nor  more  than  five  hun- 
dred dollars,  and  by  imprisonment  for  not  less  than  one  nor  more 
than  six  months.  The  provisions  of  section  ten  of  chapter  two  hun- 
dred and  twenty  shall  not  apply  to  such  sentence. 
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Section  44.  LicensiDg  boards  may  transfer  lioenses  from  one 
location  to  another  within  the  city  or  town  in  which  such  licenses  are 
in  force;  but  such  transfer  shall  be  granted  only  to  the  original 
licensee,  and  like  notice  shall  be  given,  the  same  provisions  shall 
apply,  and  other  proceedings  shall  be  the  same  as  are  required  upon 
the  granting  of  licenses,  except  that  no  new  license  fee  shall  be 
required. 


[Ghaptbb  213,  RsTMSD  Lawb.] 

Of  Crimes  against  the  Public  Health. 

Section  2.  Whoever  sells  arsenic  (arsenious  acid),  atropia  or 
any  of  its  salts,  chloral  hydrate,  chloroform,  cotton  root  and  its  fluid 
extract,  con'osive  sublimate,  cyanide  of  potassium,  Donovan's  solu- 
tion, ergot  and  its  fluid  extract.  Fowler's  solution,  laudanum,  Mc- 
Munn's  elixir,  morphia  or  any  of  its  salts,  oil  of  pennyroyal,  oil  of 
savin,  oil  of  tansy,  opium,  Paris  green.  Parsons'  vermin  exterminator, 
phosphorus,  prussic  acid,  ^^  rough  on  rats,"  strychnia  or  any  of  its 
salts,  tartar  emetic,  tincture  of  aconite,  tincture  of  belladonna,  tinc- 
ture of  digitalis,  tincture  of  nux  vomica,  tincture  of  veratrum  viride, 
or  carbolic  acid,  without  the  written  prescription  of  a  physician,  shall 
affix  to  the  bottle,  box  or  wrapper  containing  the  article  sold  a  label 
of  red  paper  upon  which  shall  be  printed  in  large  black  letters  the 
name  and  place  of  business  of  the  vendor  and  the  words  Poison  and 
Antidote^  and  the  label  shall  also  contain  the  name  of  an  antidote,  if 
any,  for  the  poison  sold.  He  shall  also  keep  a  record  of  the  name 
and  quantity  of  the  article  sold  and  of  the  name  and  residence  of  the 
person  or  persons  to  whom  it  was  delivered,  which  shall  be  made  be- 
fore the  article  is  delivered  and  shall  at  all  times  be  open  to  inspec- 
tion by  the  officers  of  the  district  police  and  by  the  police  authorities 
and  officers  of  cities  and  towns ;  but  no  sale  of  cocaine  or  its  salts 
shall  be  made  except  upon  the  prescription  of  a  physician.  Whoever 
neglects  to  affix  such  label  to  such  bottle,  box  or  wrapper  before  de- 
livery thereof  to  the  purchaser  or  whoever  neglects  to  keep  or  refuses 
to  show  to  said  officers  such  record  or  whoever  purchases  any  of  said 
poisons  and  gives  a  false  or  fictitious  name  to  the  vendor  shall  be 
punished  by  a  fine  of  not  more  than  fifty  dollars.  The  provisions  of 
this  section  shall  not  apply  to  sales  by  wholesale  dealers  or  manufac- 
turing chemists  to  retail  dealers,  or  to  a  general  merchant  who  sells 
Paris  green,  London  purple  or  other  arsenical  poisons  in  unbroken 
packages  containing  not  less  than  one-quatter  of  a  pound,  for  the  sole 
purpose  of  destroying  potato  bugs  or  other  insects  upon  plants,  vines 
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or  trees,  except  that  he  shall  record  each  sale  and  label  each  package 
sold,  as  above  provided. 

Section  3.  Whoever  sells  a  cigarette  to  a  person  under  eighteen 
years  of  age,  or  whoever  sells  snoff  or  tobacco  in  any  of  its  forms  to 
a  person  under  sixteen  years  of  age,  or^  not  being  his  parent  or 
guardian,  gives  a  cigarette  to  a  person  under  eighteen  years  of  age, 
or  gives  snuff  or  tobacco  in  any  of  its  forms  to  a  person  under  six- 
teen years  of  age,  shall  be  punished  by  a  fine  of  not  more  than  fifty 
doUara. 

Section  4.  Whoever  sells  to  a  person  under  sixteen  years  of  age 
any  candy  or  other  article  enclosing  liquid  or  syrup  containing  more 
than  one  per  cent  of  alcohol  shall  be  punished  by  a  fine  of  not  less 
than  fifty  nor  more  than  one  hundred  dollars. 


[Ghaptbr  321,  Acts  of  1902.] 

An  Act  to  authorize  the  Board  op  Registration  in  Pharmacy 
TO  reconsider  its  Action  in  Cases  where  it  mat  have  sus- 
pended OR  REVOKED  THE  LiCENSE  OR  CERTIFICATE  OF  REGIS- 
TRATION. 

Be  il  enacted,  etc,,  as  follows : 

Section  1.  Section  seventeen  of  chapter  seventy-six  of  the  Re- 
vised Laws  is  hereby  amended  by  inserting  after  the  word  ^ '  sus- 
pended," in  the  fifth  line,  the  words :  — or  revoked,  —  and  by  adding 
at  the  end  thereof  the  words :  —  The  board  may  at  any  time  in  its 
discretion  reconsider  its  action  in  cases  where  it  has  suspended  or  re- 
voked the  license  or  certificate  of  registration  of  a  pharmacist,  and 
may  change  its  determination  as  justice  shall  require,  — so  as  to  read 
as  follows:  — Section  17.  If  the  full  board  sitting  at  such  hearing 
finds  the  person  guilty,  the  board  may  suspend  the  effect  of  the  cer- 
tificate of  his  registration  as  a  pharmacist  for  such  term  as  the  board 
fixes,  but  the  license  or  certificate  of  registration  of  a  registered 
pharmacist  shall  not  be  suspended  or  revoked  for  a  cause  punishable 
by  law  until  after  his  conviction  by  a  court  of  competent  jurisdiction. 
The  board  may  at  any  time  in  its  discretion  reconsider  its  action  in 
cases  where  it  has  suspended  or  revoked  the  license  or  certificate  of 
registration  of  a  pharmacist,  and  may  change  its  determination  as 
justice  shall  require. 

Section  2.  This  act  shall  take  effect  upon  its  passage.  [^Approved 
April  18,  1902. 
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[Ghaptxb  606,  Acts  of  1902.] 

An  Act  to  establish  the  Salaries  of  the  Members  of  the  Board 
OF  Registration  in  Medicine,  the  Board  of  Registration  in 
Pharmacy  and  the  6oard  of  Registration  in  Dbntistrt. 

Be  it  enacted^  ete.^  as  follows: 

Section  1.  The  secretary  of  the  board  of  registration  in  mediciDe 
shall  receive  a  salary  of  twenty-five  hundred  dollars  a  year,  and  the 
other  members  of  the  said  board  shall  each  receive  a  salary  of  three 
hundred  dollars  a  year. 

Section  2.  The  secretary  of  the  board  of  registration  in  pharmacy 
shall  receive  a  salary  of  one  thousand  dollars  a  year,  and  the  other 
members  of  said  board  shall  each  Teceive  a  salary  of  three  hundred 
dollars  a  year,  except  that  the  chairman  of  said  board  shall  receive  a 
salary  of  five  hundred  dollars. 

Section  3.  The  chairman  and  secretary  of  the  board  of  registra- 
tion in  dentistry  shall  each  receive  a  salary  of  four  hundi*ed  dollars  a 
year,  and  the  other  members  of  said  board  shall  each  receive  a  salary 
of  two  hundred  dollars  a  year. 

Section  4.  Each  member  of  the  boards  mentioned  in  sections 
one,  two  and  three  shall  receive  in  addition  to  his  salary  his  necessary 
travelling  expenses  actually  incurred  in  attending  the  meetings  of  the 
board.  The  salaries  and  expenses  of  the  members  of  the  board  of 
registration  in  medicine,  the  board  of  registration  in  pharmacy  and 
the  boaixl  of  registration  in  dentistry  shall  be  paid  out  of  the  treasury 
of  the  Commonwealth. 

Section  5.  The  fees  received  for  examination  and  registration  of 
applicants  before  the  board  of  registration  in  medicine,  before  the 
board  of  registration  in  pharmacy,  and  before  the  board  of  registra- 
tion in  dentistry,  shall  be  paid  monthly  by  the  secretaries  of  the  re- 
spective boai'ds  into  the  treasury  of  the  Commonwealth. 

Section  6.  Sections  four,  twelve  and  twenty-seven  of  chapter 
seventy-six  of  the  Revised  Laws  are  hereby  repealed. 

Section  7.  This  act  shall  take  effect  on  the  first  day  of  July  in 
the  year  nineteen  hundred  and  two.     ^Approved  June  23^  1902. 
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[Chaptbb  49,  Acts  of  1904.] 

An  Act  making  Appropriations  for  the  Board  of  Registration 

IN  Pharmacy. 
Be  it  enacled,  etc.^  cu  follows : 

Section  1 .  The  sums  hereinafter  mentioned  are  appropriated,  to 
be  paid  out  of  the  treasury  of  the  Commonwealth  from  the  ordinary 
revenue,  for  the  board  of  registration  in  pharmacy,  for  the  year  end- 
ing on  the  thirty-first  day  of  December,  nineteen  hundred  and  four, 
to  wit :  — 

For  the  salanes  of  the  members  of  the  board,  twenty-four  hundred 
dollars. 

For  travelling  and  other  expenses  of  the  members  of  the  board,  a 
sum  not  exceeding  fourteen  hundred  and  seventy-five  dollars. 

For  the  salary  and  expenses  of  the  agent  of  the  board,  a  sum  not 
exceeding  twenty-four  hundred  dollars. 

For  a  stenographer,  witness  fees,  and  for  incidental  and  contingent 
expenses  of  the  board,  including  the  printing  of  the  annual  repoit, 
a  sum  not  exceeding  fifteen  hundred  dollars. 

Section  2.  This  act  shall  take  efifect  upon  its  passage.  [Approved 
February  6,  1904.] 
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Metropolitan  Water  and  Sewerage  Board. 


To  the  Honorable  the  Senate  ami  House  of  Representatives  of  the  Commonwealth  of 

Massachusetts  in  General  Court  assembled. 

The  Metropolitan  Water  and  Sewerage  Board,  established  under 
the  provisions  of  chapter  168  of  the  Acts  of  the  year  1901,  has 
already  presented  to  your  Honorable  Body  an  abstract  of  the  account 
of  its  doings,  receipts,  expenditures,  disbursements,  assets  and  lia- 
bilities for  the  calendar  year  ending  December  31,  1904,  and  now 
presents  a  detailed  statement  of  the  operations  for  the  year,  being  its 

FOURTH     ANNUAL    REPORT 

made  since  the  consolidation  of  the  Metropolitan  Water  Board  and 
the  Board  of  Metropolitan  Sewerage  Commissioners  on  March  20, 
1901. 

I.     ORGANIZATION   AND  ADMINISTRATION. 

(1)  Board,  Officers  and  Empi^oy^s, 

The  membership  of  the  Board  has  continued  the  same  as  in  the 
preceding  year:  Henry  H.  Sprague,  chairman,  Henry  P.  Walcott, 
M.D.,  and  James  A.  Bailey,  Jr.  AVilliam  N.  Davenport  has  con- 
tinued as  secretary  and  executive  officer  of  the  Board,  and  Alfred 
F.  Bridgman  as  auditor  and  purchasing  agent. 

The  administrative  office  force,  during  the  early  part  of  the  past 
year,  consisted,  in  addition,  of  the  same  number  of  employes  as  in 
the  preceding  year ;  but  during  the  year  considerable  reduction  has 
been  made,  and  the  force  now  comprises  a  book-keeper,  an  assistant 
book-keeper,  an  assistant  in  auditing,  a  paymaster,  one  general 
clerk,  four  stenographers,  a  telephone  operator,  one  messenger,  and 
a  janitor  with  two  assistants,  one  of  whom  acts  as  watchman.  It 
has  been  determined  in  the  coming  year  to  place  the  auditing  de- 
partment under  the  general  supervision  of  the  secretary,  the  present 
auditor  acting  as  purchasing  agent. 
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Alfred  C.  Vinton  continued  as  conveyancer  during  the  first  half 
of  the  year,  a  position  which  he  had  filled  efficiently  since  the  organ- 
ization of  the  Water  Board.  Owing  to  the  diminution  in  the  amount 
of  conveyancing,  he  severed  his  connection  with  the  Board  on  July 
1,  1904,  and  since  that  date  George  D.  Bigelow,  who  had  acted  as 
assistant  conveyancer,  has  been  in  charge,  assisted  by  Miss  AUine 
E.  Marcy,  title  examiner,  and  by  one  stenographer. 

Frederic  P.  Stearns  has  continued  as  Chief  Engineer  of  the  Board, 
Avith  special  charge  of  the  Water  Works.  Joseph  P.  Davis  and 
Hiram  F.  Mills  are  retained  to  act  as  consulting  engineers  when 
their  services  are  required. 

The  various  departments  of  the  Water  Works  have  been,  subject 
to  the  Chief  Engineer,  in  charge  of  the  following :  Dexter  Brackett, 
Engineer  of  the  Distribution  Department,  and,  since  March  10,  also 
in  charge  of  the  Sudbury  Department ;  Thomas  F.  Richardson,  En- 
gineer of  the  Dam  and  Aqueduct  Department ;  Charles  E.  Wells, 
Engineer  of  the  Reservoir  Department ;  Frank  T.  Daniels,  Principal 
Office  Assistant.  Horace  Ropes  was  Engineer  of  the  Weston  Aque- 
duct Department  until  May  25,  when  this  department  was  abolished 
and  the  duties  were  transferred  to  the  Distribution  Department. 

The  engineering  force  employed  on  the  Water  Works,  both  in 
construction  and  maintenance,  has,  upon  the  average  during  the 
year,  comprised,  in  addition,  10  division  engineers,  16  assistant 
engineers,  and  others  in  various  engineering  capacities  and  as 
sanitary  inspectors,  clerks,  stenographers  and  messengers,  to  the 
number  of  101, — in  all,  127.  The  maximum  engineering  force 
employed  at  any  one  time  during  the  year  on  construction  and 
maintenance  was  148. 

There  have  also  been  employed  inspectors,  other  than  engineering 
inspectors,  to  the  maximum  number  of  11.  Day-labor  forces  under 
the  general  supervision  of  the  engineers  and  the  immediate  direction 
of  foremen,  varying  in  numbers  from  time  to  time,  have  been  em- 
ployed in  pipe  laying,  in  general  improvements  and  repairs,  and  in 
minor  operations. 

In  addition,  a  maintenance  force,  numbering,  upon  the  average 
during  the  year,  202,  has  been  required  at  the  pumping  stations  and 
upon  the  resei'voirs,  aqueducts,  pipe  lines  and  other  works.  •  This 
force  at  the  end  of  the  year  numbered  216,  and  was  distributed 
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among  the  various  departments  as  follows  :  Sudbury  and  Distribu- 
tion Departments,  203 ;  Dam  and  Aqueduct  Department,  12 ;  Res- 
ervoir Department,  1. 

The  maximum  number  of  men  employed  upon  contracts  by  the 
various  contractors  upon  the  Water  Works  during  the  year  was  for 
the  week  ending  June  11,  when  the  number  amounted  to  1,627. 

William  M.  Brown,  Engineer  of  the  Sewerage  AVorks,  has  been 
in  charge  of  both  construction  and  maintenance  upon  these  works. 

He  was  assisted  during  the  larger  part  of  the  year  by  2  division 
engineers  who  were  in  charge  of  the  various  sections  of  sewer  con- 
struction, 1  division  engineer  in  charge  of  drafting  room  and  records, 
6  assistant  engineers,  6  inspectors,  and  22  others,  who  were  em- 
ployed in  various  engineering  capacities,  and  as  clerk,  stenographer 
and  messenger  in  the  department.  The  maximum  engineering  force 
employed  at  any  one  time  during  the  year  on  construction  and 
maintenance  of  the  Sewerage  Works  was  37. 

Day-labor  forces,  under  the  general  supervision  of  the  engineers 
and  the  immediate  direction  of  foremen,  have  been  employed  on  the 
High-level  Sewer  in  grading  the  roads  and  grounds  about  the  Ward 
Street  pumping  station,  in  connecting  the  Charles  River  valley 
sewer  with  the  High-level  Sewer,  and  in  grading  and  filling  on  Nut 
Island,  in  Quincy.  On  the  North  Metropolitan  System,  day-labor 
forces  have  been  employed  in  the  construction  of  parts  of  sections 
61  and  62  of  the  Revere  extension  in  Chelsea  and  in  minor  work. 

The  maximum  number  of  men  employed  upon  contracts  by  the 
various  contractors  and  upon  day-labor  construction  upon  the  Sew- 
erage Works  diu-ing  the  year  was  for  the  week  ending  July  24, 
when  the  number  amounted  to  302. 

Upon  the  completion  of  construction  on  both  the  North  and  South 
Metropolitan  systems,  the  engineering  force  was  reduced  to  9,  all 
of  whom  are  now  employed  in  maintenance  of  the  works. 

The  regular  maintenance  force  required  for  the  operation  of  the 
pumping  stations,  the  care  and  inspection  of  the  sewei*s,  and  for 
other  parts  of  the  Sewerage  Works,  exclusive  of  engineers  and  day- 
labor  construction  forces  before  enumerated,  has  upon  the  average 
numbered  90.  The  opening  of  the  High-level  Sewer  and  putting 
into  operation  of  the  Ward  Street  pumping  station  and  Nut  Island 
screen-house  late  in  the  year  necessitated  an  increase  in  the  force. 
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which  at  the  end  of  the  year  numbered  125,  of  whom  the  engineer 
in  charge  and  9  assistants  and  draftsmen  were  engaged  in  general 
upon  the  works,  and  of  the  remainder,  72  were  employed  upon  the 
North  System  and  43  upon  the  South  System. 

(2)  Offices  axd  Buildings. 

The  oflSce  of  the  Metropolitan  AVater  and  Sewerage  Board  is  in 
the  buildings  numbered  1  and  3  Ashburton  Place,  at  the  corner  of 
Somerset  Street,  in  which  are  also  located  the  offices  of  the  secretary 
and  auditor  and  the  conveyancer,  and  the  main  engineering  offices 
of*  both  the  Water  Works  and  the  Sewerage  Works. 

The  headciuarters  of  the  Wachusett  Reservoir  and  Wachusett 
Dam  and  Aqueduct  departments  of  the  Water  Works  have  been 
maintained  in  the  office  building  in  Clinton.  Branch  offices  of  the 
Reseryoir  Department  have  been  maintained,  two  in  West  Boylston 
and  one  in  Oakdale.  A  branch  office  of  the  Dam  and  Aqueduct 
Department  has  been  maintained  at  the  Wachusett  Dam.  The  main 
office  of  the  Weston  Aqueduct  Department  in  Saxonville  was  dis- 
continued on  June  30,  and  the  branch  office  located  in  AVayland  was 
discontinued  on  February  29,  and  that  in  Weston  on  July  16. 
Headquarters  of  the  Distribution  Department  have  been  maintained 
in  the  central  office  in  Boston.  For  the  Sudbury  Department  an 
office  has  been  maintained  at  South  Framingham.  Branch  head- 
quarters of  the  maintenance  force  of  the  Water  Works  in  the  north- 
ern part  of  the  District  have  been  in  buildings  in  the  Glenwood  pipe 
yard  in  Medford,  where  there  are  offices,  shops,  store  rooms  and 
stables ;  and  the  maintenance  force  for  the  southern  part  of  the  Dis- 
trict has  headquarters  in  buildings  at  the  Chestnut  Hill  Reservoir. 

Maintenance  in  connection  with  the  Water  Works  has  embraced 
the  care  and  operation  of  the  Chestnut  Hill  high-service  and  low- 
service  pumping  stations ;  the  Spot  Pond,  Arlington  and  West 
Roxbury  pumping  stations  ;  the  Clinton  sewerage  pumping  station 
at  Clinton  ;  the  Pegan  Brook  pumping  station  at  Natick ;  the  Mystic 
pumping  station  at  Medford,  not  now  in  active  operation ;  the  Wa- 
chusett Reservoir ;  Lake  Cochituate ;  the  Sudbury  Reservoir  and  the 
various  smaller  reservoirs  in  the  Sudbury  watershed ;  Spot  Pond, 
Chestnut  Hill  Reservoir  and  the  smaller  distributing  reservoirs  in 
different  portions  of  the  District;  the  Cochituate.  Sudbury,  Wa- 
chusett and  Weston  aqueducts ;  as  well  as  the  various  gate-houses, 
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siphon  and  terminal  chambers  and  other  structures  connected  with 
the  several  reservoirs  and  aqueducts,  dwellings  for  attendants,  and 
various  other  buildings  for  operating  purposes. 

There  were  maintained,  in  connection  with  the  construction  of 
the  Sewerage  Works,  branch  engineering  offices  at  Hough's  Neck 
and  Roxbury ;  an  office  for  a  portion  of  the  year  at  Chelsea ;  and, 
in  addition,  seven  portable  booths  were  in  use  along  the  line  of  the 
work.  For  the  maintenance  of  the  Sewerage  Works  there  are  oper- 
ated the  Deer  Island,  East  Boston,  Charlestown,  Alewife  Brook, 
Ward  Street  and  Quincy  pumping  stations,  the  Nut  Island  screen- 
house,  the  North  Metropolitan  Sewer  and  its  extensions,  and  the 
Charles  River  valley,  Neponset  valley  and  High-level  sewers. 
Branch  headquarters  of  the  maintenance  and  repair  forces  of  the 
Sewerage  Works  are  maintained  at  the  East  Boston  and  Ward  Street 
pumping  stations  and  at  the  stockyard  at  Hough's  Neck. 

(3)  Conveyancing. 

During  the  earlier  portion  of  the  year  many  claims  for  damages 
to  real  estate  were  settled,  so  that  a  large  amount  of  conveyancing 
work  was  required  in  the  way  of  examining  the  records,  bringing 
up  to  date  the  titles  at  the  registry  of  deeds,  and  the  preparation 
and  drafting  of  deeds  and  other  necessary  instruments. 

The  total  number  of  cases  settled  during  the  year  was  73,  of  which 
68  were  on  account  of  Water  Works,  and  affected  734.345  acres  of 
land,  and  5  on  account  of  Sewerage  AVorks,  affecting  1.121  acres. 

In  addition,  examinations  of  titles  and  .the  preparation  of  papers 
were  required  on  account  of  various  questions  affecting  lands  which 
had  been  acquired  from  the  city  of  Boston,  and  of  various  other 
claims  which  arose  with  reference  to  lands  of  the  Commonwealth. 
The  number  of  titles,  therefore,  which  have  been  actually  examined, 
and  the  questions  relating  thereto  which  required  the  preparation  of 
various  instruments,  were  much  greater  than  the  number  above  in- 
dicated. 

In  addition,  also,  there  have  been  drafted  3  instruments  of  takings, 
embracing  127.50  acres,  2  on  account  of  the  Water  Works  and  1  on 
account  of  the  Sewerage  Works  ;  and  13  deeds  of  lands  and  releases 
of  rights  in  lands  have  been  called  for,  and  many  papers  in  the  na- 
ture of  leases,  licenses  and  forms  of  contract  have  been  drafted. 

Besides  the  work  that  has  been  done  especially  for  the  Board, 
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many  reports  on  titles  have  been  called  for  by  the  Attorney-General 
for  use  in  the  preparation  of  suits  and  for  the  information  of  the 
Attomey-Generars  Department. 

The  hearings  which  have  been  had  in  the  suits  of  the  cities  of  Mai- 
den, Medford  and  Melrose  against  the  Commonwealth,  on  account 
of  the  taking  of  Spot  Pond  and  the  various  lands  adjoining  and  con- 
tiguous thereto,  have  involved  protracted  examinations  of  records 
and  reports  and  opinions  upon  titles.  Investigation  of  the  titles  and 
history  of  the  lands  covered  by  Spot  Pond,  and  the  adjacent  land^ 
used  in  connectipn  therewith,  has  extended  fi*om  the  beginning  of 
legislative  grants  and  registry  records  down  to  the  present  date ;  and 
this  examination  has  required  not  only  investigations  at  the  registry 
of  deeds,  but  also  in  the  Massachusetts  Archives,  the  histories  of  the 
various  cities  and  the  genealogies  of  the  early  settlers. 

A  detailed  statement  of  the  various  takings  and  settlements  is 
given  hereafter, 

II.  WATER  WORKS  —  CONSTRUCTION. 

The  amount  expended  for  construction,  including  real  estate  ac- 
quired and  payment  of  claims,  on  account  of  the  Water  Works 
during  the  year  1904,  was  $2,174,498.19.  Of  this  amount,  $1,- 
506,803.38  \vas  expended  on  account  of  the  Wachusett  Dam  and 
Reservoir;  $216,740.74  on  account  of  the  Weston  Aqueduct  and 
Reservoir ;  $40,554.03  for  the  improvement  of  the  Wachusett  water- 
shed ;  $39,481.28  for  diversion  of  water;  $327,527.62  on  account 
of  the  taking  of  Spot  Pond ;  and  the  remainder,  $43,391.14,  upon 
various  other  operations  on  the  works.  The  total  amount  expended 
for  construction  since  the  beginning  of  the  works  in  the  year  1895 
has  been  $38,388,255.76. 

(1)  Wachusett  Dam  and  Reservoir. 

(a)    Wachusett  Dam. 

The  work  upon  the  Wachusett  Dam  during  the  past  year  has 
included  not  only  the  carrying  up  in  height  of  the  main  structure, 
but  also  the  continuation  of  the  excavations  and  building  into  the 
banks  at  each  end  of  the  dam,  so  that  the  ends  as  well  as  the 
foundations  shall  be  embedded  in  the  rock.  At  the  end  of  the  pre- 
ceding year  the  masonry  had  reached  an  average  elevation  of  345 
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feet,  and  during  the  year  1904  an  avemge  elevation  has  been  reached 
of  396  feet,  above  the  Boston  City  Base,  —  an  elevation  which  is  130 
feet  above  the  original  river  bed,  and  188  feet  above  the  lowest 
point  of  the  foundation.  This  average  elevation  is  1  foot  above  the 
full-reservoir  level,  and  there  consequently  remain,  upon  an  aver- 
age,* but  19  feet  more  in  height  to  be  added. 

The  length  of  the  dam  has  been  extended  from  739  feet  to  1,024 
feet,  exclusive  of  the  waste-weir,  which  is  452  feet  in  length. 
During  the  year  59,900  cubic  yards  of  earth  and  36,810  cubic  yards 
of  rock  have  been  excavated.  The  stone  masonry  has  amounted  to 
82,333  cubic  yards.  There  have  been  used  in  the  work  during  the 
year  16,561  barrels  of  Portland  cement  and  61,739  barrels  of  nat- 
ural cement. 

The  abutment,  so  called,  at  the  easterly  end  of  the  dam  near 
Boylston  Street,  has  been  in  like  manner  carried  up,  and  the  bastion 
at  the  westerly  end,  which  divides  the  dam  from  the  waste-weir, 
has  been  built  nearly  to  the  proper  height.  The  most  of  the 
masonry  work  upon  the  waste-weir  has  been  completed,  and  all  but 
a  small  portion  of  the  waste  channel,  which  extends  along  the  ledge 
from  the  weir  to  the  river  below  the  dam,  a  distance  of  about  1,240 
feet,  has  been  excavated  and  made  ready  for  use.  A  granite  arch 
bridge  about  131  feet  long,  and  having  a  span  of  35  feet  6  inches, 
has  been  constructed  across  the  lower  end  of  the  channel,  which 
will  afford  access  to  the  dam  on  the  westerly  side  of  the  river. 

The  substructure,  containing  the  gates  and  valves  for  the  lower 
gate-chamber,  was  built  in  the  preceding  year,  but  during  the  past 
year  the  superstructure  has  been  erected.  This  is  a  building  104 
feet  6  inches  long,  74  feet  wide,  and  having  a  height  of  about  59 
feet  above  the  ground.  The  greater  part  of  the  interior  is  made  up 
of  one  large  room,  in  which  will  be  installed  the  necessary  machin- 
ery for  the  production  of  power.  There  are  in  addition  several 
smaller  rooms,  which  will  be  used  for  the  various  purposes  needed 
in  connection  with  the  operation  of  the  works.  The  exterior  walls 
are  from  the  same  stone  quarry  from  which  the  ashlar  stone  for  the 
dam  has  been  obtained. 

The  upper  gate-chamber  is  built  within  the  main  structure  of  the 
dam  itself,  the  water  being  introduced  at  ports  or  openings  in  the 
walls,  and  conveyed  through  sluice-gates  by  48-inch  pipes  through 
the  structure  of  the  dam. 
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Much  work  has  been  accomplished  in  the  grading  of  the  banks 
along  the  river  below  the  dam,  and  in  depositing  soil  both  upon  the 
banks  and  the  grounds  at  the  foot  of  the  dam  and  around  the  pool. 
The  foundations  have  also  been  laid  for  the  various  drives  and  paths 
leading  to  the  dam. 

The  work  upon  the  dam  has  so  far  advanced  that  there  seems  «bat 
little  doubt  that  it  may  be  completed  during  the  coming  year. 

(6)    Wachusett  Reservoir. 

The  building  of  the  Wachusett  Reservoir  has  progressed  favorably 
during  the  past  year.  A  total  of  1,115,341  cubic  yards  of  soil  was 
removed  from  the  bed  of  the  reservoir,  and  621  acres  of  land  were 
stripped.  It  was  estimated  that  in  all,  the  soil  was  to  be  removed 
from  4,200  acres  to  the  extent  of  about  6,900,000  cubic  yards,  and 
there  have  been  excavated  since  the  beginning  of  the  work  to  the 
present  date  6,760,405  cubic  yards  of  soil  from  3,857  acres.  Of 
the  total  amount  of  soil,  about  98  per  cent,  has  been  removed,  and 
there  remain  to  be  stripped  about  343  acres. 

A  large  amount  of  the  soil  which  has  been  removed,  as  in  previous 
years,  has  been  carried  and  deposited  in  the  embankment  of  the 
North  Dike ;  but  a  larger  portion  has  been  deposited  at  different 
places  on  the  margin  ot  the  reservoir,  for  the  purpose  of  avoiding 
shallow  flowage,  and  also  considerable  amounts  of  soil  have  been 
used  for  the  building  of  the  South  Dike  and  for  highway  embank- 
ments. The  larger  amount  of  the  stripping  done  has  been  performed 
near  the  upper  end  of  the  reservoir  in  West  Boylston,  but  the  soil 
has  also  been  removed  from  considerable  tracts  in  Boylston  as  well 
as  in  Clinton  and  Sterling. 

As  arrangements  have  been  made  by  which  it  may  be  possible 
to  flow  the  reservoir  during  the  early  part  ot  the  present  year  to 
elevation  375,  the  grass  and  weeds  which  have  grown  in  the  area 
already  cleared  have  been  removed  and  burned,  and  a  final  cleaning 
has  been  made  of  the  reservoir  bottom  to  the  elevation  named.  The 
number  of  acres  thus  cleared  and  made  ready  for  flowing  is  estimated 
to  be  about  3,681. 

Additional  soil  for  the  completion  of  the  North  Dike  has  been 
deposited  during  the  year,  and  the  placing  of  riprap  on  the  slopes 
toward  the  reservoir  has  been  completed.  The  dike  has  an  entire 
length  ot  11,100  teet.     More  than  5,700,000  cubic  yards  of  mate- 


No.  57.]  AND   SEWERAGE  BOARD.  9 

rial  have  been  used  in  the  construction  of  the  dike,  and  139,000 
cubic  yards  ot  riprap  have  been  laid  upon  the  water  slopes.  The 
cost  of  the  dike  has  been  substantially  $750,000. 

The  South  Dike  has  been  entirely  constructed  during  the  year, 
except  a  portion  of  the  riprapping.  This  dike  has  a  length  of  about 
2,925  feet,  and  has  been  constructed  in  a  manner  similar  to  that  in 
which  the  North  Dike  was  built.  The  soil  removed  from  the  reser- 
voir has  been  placed  to  form  the  dike,  the  cut-off  trench  has  been 
excavated  and  refilled  with  compacted  material,  and  the  water  slopes 
have  been  riprapped  in  part.  The  cut-off  trench  was  excavated  to 
a  maximum  depth  of  28.5  feet.  The  material  used  in  the  construc- 
tion of  the  South  Dike  has  amounted  to  418,904  cubic  yards  of 
earth,  soil  and  rock,  and  7,687  cubic  yards  of  riprap. 

The  number  of  buildings  in  West  Boylston  removed  from  the  res- 
ervoir site  diuring  the  year  was  12,  which  embraced  2  churches,  6 
dwellings,  2  barns,  a  hall  and  a  store.  The  total  number  of  build- 
ings removed  prior  to  the  year  was  259.  In  the  town  of  Boylston 
there  were  removed  8  dwelling  houses,  a  barn  and  a  schoolhouse, 
—  a  total  of  10  buildings.  A  few  more  buildings  are  still  to  be 
-removed,  but  the  work  of  demolition  has  been  nearly  completed. 

The  two  nurseries,  one  upon  the  north  side  and  the  other  upon 
the  south  side  of  the  reservoir,  have  been  maintained.  These  nurs- 
eries contain  upwards  of  700,000  seedlings  and  plants..  The  larger 
number  of  these  are  white  pines  and  arbor  vitro,  but  there  are  many 
sugar  maples,  spruces  and  Scotch  pines  and  smaller  numbers  of 
hemlocks,  tamaracks  and  larches.  About  200  acres  upon  the  margin 
of  the  reservoir  have  been  planted  with  seedlings  gi'own  in  the  nurs- 
eries, and  much  improvement  has  been  made  by  the  planting  along 
the  interior  roads  about  the  reservoir  and  by  the  cutting  out  of  dead 
and  undesirable  trees. 

The  bodies  which  had  been  buried  in  the  old  Beaman  Cemetery 
in  West  Boylston  have  been  removed  to  a  new  burial  lot  adjoining 
the  West  Boylston  Cemetery.  The  65  bodies  found  were  removed, 
with  the  respective  monuments,  headstones  and  footstones,  and 
properly  deposited  in  the  new  burial  ground.  The  ground  occu- 
pied by  the  burial  lot  was  purchased  for  the  purpose.  The  lot  was 
graded  and  seeded  and  a  substantial  wall  built  to  enclose  it,  and  a 
gravel  drive  leading  to  it  was  constructed. 
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(c)  Location  J  Construction  and  DiscoiUinuance  of  Roads, 

An  important  feature  of  the  work  of  the  past  year  has  been  the 
building  of  the  embankment  across  the  upper  end  of  the  reservoir  in 
West  Boylston  in  continuation  of  Worcester  Street.  This  embank- 
ment has  in  places  a  height  of  64  feet,  and  a  width  of  43  feet  at  the 
top  and  300  feet  at  the  bottom.  Instead  of  building  a  masonry 
bridge  with  its  abutments  at  the  original  channel  of  the  river,  it  was 
determined  to  divert  the  river  to  the  northerly  side  of  the  reservoir 
and  to  excavate  a  channel  through  the  rock  ledge,  and  by  this  means 
the  larger  part  of  the  work  of  building  abutments  was  avoided.  A 
granite  bridge  has  been  extended  across  this  channel,  having  a  span 
of  47.5  feet,  the  top  of  the  span  being  at  a  height  of  60  feet  above 
the  bed  of  the  channel.  The  sides  of  the  embankment  have  been 
covered  with  paving.  This  work  has  been  completed,  and  the  road 
across  the  reservoir  has  been  opened  to  public  travel. 

The  new  road  from  West  Boylston  has  been  continued  and  con- 
structed from  Pleasant  Street  through  the  village  of  Oakdale  and  as 
far  as  the  new  location  of  Holden  Street.  A  single-arch  granite 
bridge  was  built  at  the  crossing  of  the  Stillwater  River,  and  a  three- 
arch  granite  bridge  has  been  constructed  where  the  crossing  is  made 
of  the  Quinepoxet  River.  Overhead  bridges  have  been  built  at  the 
two  crossings  over  the  Boston  &  Maine  Railroad.  Holden  Street 
has  also  been  relocated  and  substantially  reconstructed  so  as  to  per- 
mit public  travel.  The  new  construction  of  roads  at  Oakdale  has 
done  away  with  all  grade  crossings. 

There  have  been  no  new  locations  of  highways. 

During  the  year  a  portion  of  North  Main  Street  extending  north- 
easterly from  a  point  near  East  Main  Street  to  Pleasant  Street  has 
been  discontinued,  and  also  the  southwesterly  part  of  Pleasant  Street 
between  the  new  highway  and  North  Main  Street,  all  in  Oakdale. 
A  small  portion  also  of  the  old  location  of  the  Central  Massachu- 
setts Division  of  the  Boston  &  Maine  Railroad  in  Oakdale  has  been 
discontinued. 

The  following  is  a  list  of  the  roads  which  have  been  discontinued 
during  the  year  on  account  of  the  work  of  construction  of  the 
Wachusett  Reservoir :  — 
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List  of  Roads  discontinued  during  tlie  Tear  1904. 

[loelodlDg  •  part  of  the  Oatral  UaimohoMtU  Railroad  looatlon,  being  No.  24.] 


No. 

Location. 

• 

Description. 

Date  of 
Discontinu- 
ance. 

• 

24 
26 

West  BoylstOD,  Oak* 
dale  Village. 

West  Bovlston,  Oak- 
dale  Village. 

That  part  of  the  old  location  of  the  Central  Massachu- 
setts Diyision  of  the  Boston  &  Maine  Railroad  which 
extends  easterly  from  the  new  location  of  said  railroad, 
near  the  new  highway,  to  that  part  of  the  old  location 
heretofore  disoontinned,  near  the  Worcester.  Nashua 
and  Portland  Division  of  the  Boston  &  Maine  Railroad. 

(1)  That  part  of  North  Main  Street  which  lies  between 
portions  of  said  street  heretofore  discontinued,  extend- 
ing northeasterly  from  a  point  near  Bast  Main  Street 
to  Pleasant  Street. 

(2)  The  southwesterly  part  of  Pleasant  Street,  extending 
southwesterly  between  the  new  highway  and  North 
Main  Street. 

Feb.  20,1004. 

♦ 

Oct.    15,1004. 

(d)  Relocation  of  the  Central  MaasachtLsetts  Railroad, 

A  settlement  has  been  effected  with  the  Boston  &  Maine  Raibroad, 
by  which  the  old  track  of  the  Central  Massachusetts  Eailroad  through 
the  bed  of  the  Wachusett  Reservoir  has  been  surrendered  to  the 
Commonwealth ;  the  interchange  of  lands  required  for  the  purposes 
of  the  relocation  and  the  adjustment  of  the  account  between  the 
railroad  and  the  Commonwealth  have  been  tnade. 

Although  the  substantial  part  of  the  work  of  relocation  was  ac- 
complished in  the  year  1903,  some  final  work  has  been  required 
during  the  past  year,  and  some  other  subsidiary  work  has  been 
necessary  in  connection  with  the  relocation  of  the  railroad. 

It  was  deemed  necessary  to  reinforce  to  a  considerable  extent  the 
two  railroad  bridges  which  cross  the  Stillwater  and  Quinepoxet 
rivers.  The  masonry  generally  was  grouted ;  the  places  opened 
were  filled  with  mortar,  and  portions  of  the  wingwalls  had  to  be 
relaid. 

The  relocation  of  the  railroad  and  the  operations  in  connection 
therewith  have  required  an  expenditure  of  $821,700.77. 

(e)    Clinton  Catholic  Cemetery. 

A  considerable  balance  remains  due  on  account  of  the  taking  of 
the  lands  constituting  the  St.  John's  Catholic  Cemetery  Association 
in  Clinton.  In  accordance  with  the  tripartite  agreement  which  was 
executed  between  the  Board,  the  Roman  Catholic  Bishop  of  Spring- 
field and  the  St.  John's  Catholic  Cemetery  Association,  incorporated 
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for  the  purpose  of  holding  the  new  cemetery  lands  which  were 
acquired  in  Lancaster,  the  grounds  were  properly  improved  and  all 
the  bodies  were  transferred  and  reburied. 

The  Board,  at  the  completion  of  the  work,  notified  the  two  parties 
that  it  stood  ready  to  pay  over  the  balance  due  in  accordance  with 
the  agreement,  and  to  convey  the  lands  in  Lancaster,  to  which  it 
has  held  the  title,  to  the  St.  John's  Catholic  Oemetery  Association, 
upon  the  release  to  the  Commonwealth  of  the  old  cemetery  lot  and 
of  all  claims  for  damages.  No  action,  however,  has  been  taken  by 
either  of  the  two  parties  toward  effecting  a  final  settlement. 

(2)  Weston  Aqueduct  and  Reservoir. 

The  Weston  Aqueduct  and  Reservoir  were  so  far  completed  during 
the  year  1903  that  water  was  first  introduced  from  the  terminal 
chamber  into  the  Metropolitan  Water  District  on  one  of  the  last 
days  of  that  year.  During  the  past  year  it  has  been  necessary  to 
uncover  and  clean  a  portion  of  the  rocky  bed  of  the  reservoir,  as 
this  work  could  not  be  accomplished  in  the  colder  weather ;  to  grade 
and  cover  with  loam  a  portion  of  the  embankments  ;  and  also  along 
the  larger  part  of  the  aqueduct  to  grade  and  seed  the  embankments, 
to  build  the  fences  and  to  set  the  stone  bounds.  Final  work  also 
was  done  upon  the  screen-chamber  at  the  reservoir. 

Final  payments  upon  contracts  have  been  made,  but  some  claims 
for  allowances  under  the  contracts  have  not  yet  been  settled,  and  a 
few  claims  for  land  and  other  damages  also  remain  to  be  adjusted. 

One  siphon  pipe  required  for  the  crossing  of  the  Sudbury  River 
and  Happy  Hollow  valley  in  Wayland  has  been  laid,  but  ultimately 
three  lines  of  these  pipes  will  be  required,  as  the  demands  of  the 
District  shall  increase. 

The  cost  of  the  aqueduct,  extending  from  the  dam  at  the  Sudbury 
Reservoir  to  the  terminal  chamber  overlooking  the  Charles  River  at 
Weston,  exclusive  of  the  reservoir,  will  be  about  $2,500,000,  which 
is  about  $200,000  per  mile  of  the  aqueduct  proper.  The  cost  of 
the  reservoir,  having  an  area  of  66.6  acres  and  a  capacity  exceed- 
ing 200,000,000  gallons,  is  about  $350,000,  or  about  $1,720  per 
million  gallons.  The  cost  of  both  aqueduct  and  reservoir  will, 
therefore,  be  about  $2,850,000. 

The  State  Board  of  Health,  in  its  report  of  1895,  estimated  the 
cost  of  the  aqueduct  as  then  proposed  at  $3,226,000.  This  estimate, 
however,  was  foj  one  having  a  capacity  of  250,000,000  instead  of 
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300,000,000  gallons  per  day,  and  did  not  include  an  equalizing  reser- 
voir. Although  the  present  aqueduct  has  a  capacity  exceeding  by 
one-fifth  that  formerly  proposed  and  includes  in  addition  the  Weston 
Reservoir,  the  work  as  now  constructed  has  been  largely  within  the 
estimates  made  by  the  State  Board  of  Health. 

(3)  Clinton  Sewerage  and  Filtration  Works. 

An  improvement  has  been  effected  during  the  past  year  in  the 
filtration  works  which  are  used  for  the  purification  of  the  Clinton 
sewage.  In  connection  with  the  filter-beds,  which  are  located  in 
the  town  of  Lancaster,  8  separate  settling  basins  have  been  con- 
structed, each  about  320  feet  long  and  33  feet  wide,  and  having  a 
capacity  of  about  237,000  gallons. 

The  basins  are  in  general  constructed  upon  the  surface  of  the 
ground,  so  that  the  bottom  may  be  to  a  considerable  extent  imper- 
vious to  the  passage  of  water.  Each  basin  has  an  inlet  and  outlet 
structure  of  Portland  cement  concrete,  with  gates  for  controlling 
the  fiow  of  sewage  in  and  out ;  and  they  arc  so  arranged  that  all  or 
a  part  of  the  sewage  can  be  passed  through  them,  or  that  all  can  be 
delivered,  as  formerly,  directly  to  the  filter-beds. 

By  means  of  these  basins  the  more  solid  matter  of  the  sewage  will 
settle  at  the  bottom,  and,  when  the  basin  is  emptied,  can  be  speedily 
disposed  of. 

(4)  Pipe  Laying  and  Venturi  Meters. 

No  construction  has  been  carried  on  by  the  Distribution  Depart- 
ment during  the  year  except  the  placing  of  one  Venturi  meter. 
The  engineer  and  his  assistants  in  this  department  have  been  called 
upon  to  make  record  plans  of  work  done  in  past  years,  and  also  to 
spend  much  time  upon  the  preparation  of  plans,  statistics  and  esti- 
mates in  connection  with  the  suit  brought  by  the  cities  of  Maiden, 
Medford  and  Melrose  against  the  Commonwealth  for  damages  on 
account  of  the  taking  of  Spot  Pond ;  and  a  large  increase  in  the 
work  of  maintenance  was  placed  upon  the  department. 

(5)  Improvement  of  Spot  Pond  Brook. 

In  response  to  the  special  report  made  in  January  of  the  year 
1904,  the  Legislature  of  that  year  passed  **  An  Act  to  provide  for 
the  improvement  of  Spot  Pond  Brook  by  the  Metropolitan  Water 
and  Sewerage  Board,"  which  was  approved  on  June  3,  1904,  and 
constituted  chapter  406  of  the  Acts  of  the  year. 
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This  act  provided  for  improving  or  changing  the  channel  of  Spot 
Pond  Brook  between  Spot  Pond  in  the  town  of  Stoneham  and  tide- 
water in  the  city  of  Maiden,  substantially  in  accordance  with  the 
plans  and  recommendations  made  in  the  report  of  the  Board  to  the 
General  Court  in  the  preceding  year.  The  act,  however,  provided 
that  np  work  should  be  begun  upon  the  improvement  until  coomiis- 
sionerS)  who  might  within  three  months  after  the  passage  of  the  act 
be  appointed  upon  the  petition  either  of  the  Board  or  of  the  city  of 
Maiden  or  the  city  of  Melrose,  had  after  hearing  made  award  of  the 
proportion  in  which  the  expenses  of  carrying  out  the  improvement 
should  be  paid  by  the  Metropolitan  Water  District  and  by  the  city 
of  Maiden  and  the  city  of  Melrose.  The  city  of  Melrose  has  made 
petition  for  the  appointment  of  commissioners  as  provided  in  the 
act,  but  no  hearing  has  yet  been  had  thereon. 

(6)  Police  Protection. 

Police  protection  has  been  afforded,  in  accordance  with  the  re- 
quirements of  the  Metropolitan  Water  Act,  in  places  where  active 
construction  has  been  carried  on.  The  police  officers  have  been  ap- 
pointed by  the  various  towns  in  which  their  services  have  been 
required,  and  they  have  been  subject  to  the  town  authorities  in  the 
performance  of  their  duties,  but  they  have  been  paid  for  their  ser- 
vices by  the  Board. 

For  the  Wachusett  Reservoir  district  there  have  been  employed 
18  officers  :  8  (reduced  to  3  in  December)  in  the  town  of  Clinton ;  3, 
1  of  whom  is  mounted,  (reduced  to  1  in  December)  in  the  town  of 
Boylston  ;  6  (reduced  to  5  in  November  and  placed  on  half  time  in 
December)  in  the  town  of  West  Boylston ;  and  1  mounted  officer 
in  Sterling. 

The  construction  of  the  Weston  Aqueduct  having  been  entirely 
completed,  the  2  officers  in  Weston  were  discharged  on  February 
20,  1904. 

(7)  Purchases  and  Takings  of  Land. 

Few  lands  were  acquired  by  the  Board  during  the  past  year,  as 
substantially  all  the  lands  which  are  required  for  the  general  pur- 
poses of  construction  have  now  been  either  purchased  or  taken. 

There  were  two  takings,  however,  in  West  Boylston,  of  land  to 
be  used  on  account  of  the  Wachusett  Reservoir,  affecting  an  area  of 
125.82  acres. 
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List  of  Takings  for  Metropolitan  Water  Works  for  the  Tear  1904. 


No. 


LOOATZOK  AND  DBSCRZPTION. 


Former  Owners. 


Recorded. 


ParpoM  of  Taking. 


106 


107 


Weet  Boylaton  and  Holden  (on 
Qalnepoxet  River,  both  aidee  of 
and  ineladfng  a  street  called  River 
Street  in  Holden  and  Holden  Street 
in  West  Boyleton,  and  a  small 
parcel  north  of  the  Boston  &  Maine 
Railroad,  Central  Maeaachnsetts 
Division).  Area,  102.06  acres  in 
fee. 

West  Boylston  (southeast  of  Pleas- 
ant Street  and  north  of  land  of  the 
Gonntv  of  Worcester  Truant 
School).    Area,  22.80  acres  in  fee. 


Austin  H.  Warfleld. 


Heirs  of   Charles 
Harris  et  al. 


1904. 

March  22. 


April  23. 


Wachnsett  Reservoir. 


Wachnsett  Reservoir. 


Settlement  has  been  effected  with  the  owners  of  all  the  lands 
taken  or  purchased  by  the  Board  for  the  Metropolitan  Water  Works 
since  the  beginning  of  operations,  except  for  about  127.21  acres,  aside 
from  Spot  Pond  and  the  contiguous  lands  and  the  works  of  the  cities 
of  Maiden,  Medford  and  Melrose,  payments  for  which,  amounting  to 
$317,820.68,  have  been  made  on  account.  The  Spot  Pond  suits  are 
now  pending  before  a  commission.  In  nearly  all  cases  affecting 
private  lands  purchases  have  preceded  the  takings. 

Settlements  under  purchases  and  takings  of  land,  for  all  purposes 
of  the  Water  Works,  have  been  effected  in  the  past  year  in  47  cases, 
and  for  an  aggregate  of  302.005  acres,  with  the  buildings  thereon. 
The  sums  paid  in  these  settlements  have  amounted  to  $144,404.16. 
In  only  9  of  these  cases  have  the  settlements  been  results  of  suits  at 
law,  and  the  total  amount  paid  in  the  court  settlements  has  been 
$42,928.90. 

Since  the  beginning  of  operations  upon  the  Metropolitan  Water 
Works,  the  number  of  settlements  of  this  kind  effected  for  the  pur- 
poses of  the  Water  Works,  exclusive  of  the  works  of  water  supply 
acquired  from  the  city  of  Boston,  on  January  1,  1898,  has  amounted 
to  818;  and  under  them  the  Board  has  acquired  rights,  in  fee  or  in 
easements,  in  12,011.744  acres,  or  18.77  square  miles,  for  which  an 
aggregate  of  $3,927,852.07  has  been  paid.  Only  41  of  these  cases 
have  been  settled  by  suits  at  law,  and  the  total  amount  paid  under 
judgments  of  the  court,  has  been  $136,930.23,  or  less  than  4  per 
cent,  of  the  whole. 
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These  purchases  and  takings  include  lands  taken  in  fee,  with  the 
buildings  thereon,  and  water  and  other  rights  connected  therewith, 
and  lands  in  which  easements  and  other  rights  are  taken ;  but  they 
do  not  include  settlements  for  diversion  of  water,  depreciation  and 
other  damages  connected  with  lands  not  acquired,  and  in  which  no 
fee  or  easement  has  been  taken. 


Summary  of  Land  Settlements  far  Water  Works  to  December  31^  1904. 


LOCATION. 


Fob  thb  Ybab  1904. 


Area  in 
AorM. 


Number 

of  SetUe- 

moDU. 


Wachu9eU  Retervoir,* 
CliDton,     . 
Boylsion,  . 
West  Boylflton, 
BterliDg,    . 
Lancaster, 
Holden, 
Berlin, 
Total, . 


Improving  WaehiueU  Water- 
thed. 


Holden,     . 
Weat  Boylston, 
Total, . 


Wachutett  Aqtuduct. 

Berlin 

Boylston 

Northborough, 
Boaihborongh, . 
Marlboroagb,   . 
Clinton,     .... 
Toul, . 


Sudbury  Retervoir.^ 
Boottaborongh,  . 
Marlborough,    . 

I'bUl, .... 


0.M4 
20.090 

0.078 
12.126 


10.120 


04.907 


84.300 
84.480 


148.780 


7.270 
.880 


7.980 


>        28 


28 


8 


}  1 


Payments. 


$48,645  21 


$43,846  21 


$38,000  00 


$38,000  00 


$1,876  00 


$1,876  00 


Fbox  Bboinnino  or  Wobk. 


Area  In 
Acres. 


Number 
of  Settle- 
ments. 


1,288.804 

8,920.480 

1,837.048 

714.876 

60.070 

167.000 

11.610 


7,814.187 


84.800 
64.480 


148.780 

46.610 
.880 
08.070 
89.680 
61.740 
18.610 


297.790 


1,996.680 
760.080 


2,746.660 


Payments. 


421 


421 


8 


86 


66 


160 


160 


*  Including  payments  on  account  of  St.  John's  Catholic  Cemetery. 
t  Including  settlements  made  by  city  of  Boston. 


$2,826,077  88 


$2,826,977  68 


$88,000  00 


$88,000  00 


$74,882  40 


$74,882  40 


$668,818  75 


$858,818  75 


No.  57.] 


AND   SEWERAGE  BOARD. 


17 


Summary  of  Land  Settlementa  for  Water  Works  to  December  31, 1904  — 

Concluded. 


Fob  thx  Ysab  1004. 

Fbom  I 

Bbmnmino  i 

yw  Work. 

LOCATION. 

Area  In 
Aorea. 

Number 
of  Settle- 
menu. 

Payments. 

Area  In 
Aorea. 

Number 

of  BeUle- 

ments. 

Payments. 

Improving  Sudbury  WaUr- 
»hed. 

Northboroogh, 

23.470 

• 

171.400 

N 

Sonthborough, . 

2.1M 

4.826 

Westborough,  .... 

- 

>         2 

$8,028  06 

202.480 

\        «T 

$16,622  16 

Aahland 

- 

.680 

JCarlboroagh,  .... 

- 

■ 

.740 

y 

ToUl 

26.eS8 

2 

$8,028  06 

880.076 

87 

$16,622  16 

Clinton  Seuterage  Syttem, 

CIlDton 

Lancaater,        .... 

„ 

!   - 

- 

6.820 
120.860 

i  - 

$87,704  40 

Total 

- 

- 

- 

186.180 

86 

$87,704  40 

Wuton  Aqueduct, 

» 

NewtOD 

.108 

1 

.821 

^ 

Weaton 

17.240 

288.042 

FramiDgbam,   .       .       .       . 

2.740 

16 

$66,861  60 

100.886 

>        76 

$166,866  40 

Waylaod, 

84.626 

60.370 

Sonthborongb 

- 

« 

.460 

J 

Total 

64.008 

•16 

$66,861  60 

464.077 

76 

$166,866  40 

Diairibution  Sytttm. 

Boaton 

.104 

' 

.804 

% 

BrookUoe,        .... 

- 

.060 

Arlington,         .... 

•          ^ 

1.800 

Maldan 

Medford 

^ 

2 

$1,000  20 

.160 
2.800 

\        20 

$108,420  06 

NewtOD, 

- 

.060 

Qnlney 

- 

6.280 

Stonefaam 

- 

. 

20.860 

J 

Total, 

.104 

2 

$1,000  20 

31.344 

20 

$108,420  08 

Improving  Lake  Cochituate. 

Natick 

- 

- 

- 

2.060 

1 

$1,600  00 

Total 

- 

- 

2.060 

1 

$1,600  00 

Aggregates, 

802.006 

47 

$144,404  16 

12,011.744 

818 

$8,027,862  07 
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The  settlements  above  enumerated  do  not  take  into  account  the 
lands  acquired  under  the  provisions  of  the  Metropolitan  Water  Act^ 
which  required  the  Board  to  take  the  property  held  by  the  city  of 
Boston  for  the  purposes  of  water  supply.  The  takings  from  the 
city  under  the  Act,  which  were  made  on  January  1,  1898,  included 
the  Cochituate  works,  all  the  Sudbury  works  except  the  then  unfin- 
ished Sudbury  Reservoir,  the  construction  of  which  had  been  already 
assumed  by  the  Board,  the  Chestnut  Hill  Reservoir  and  adjacent 
lands,  and  the  Mystic  works.  The  lands  thus  taken  aggregated 
about  3,744  acres,  and,  in  accordance  with  the  agreement  made 
with  the  city,  a  sum  total  of  $12,531,000  was  paid  for  the  entire 
works  then  acquired. 

Including  the  property  thus  taken  from  the  city  of  Boston,  the 
settlements  have  numbered  819 ;  and  under  them  the  Board  has 
acquired  lands  in  fee  or  in  easements  amounting  to  about  15,75(> 
acres,  or  about  24.6  square  miles,  at  a  total  expenditure  of  $16,458,- 
852.07.  More  than  99  per  cent,  of  the  total  amount  involved  in  all 
these  settlements  has  thus  been  paid  in  accordance  with  agreements 
made  without  the  determination  of  a  court. 

Under  the  similar  provision  of  the  Metropolitan  Water  Act,  the 
Board  was  required  to  take,  from  the  cities  of  Maiden,  Medford  and 
Melrose,  Spot  Pond  and  the  adjacent  lands,  settlement  for  which 
has  not  yet  been  effected. 

(8)  Claims  and  Settlements  for  Loss  of  Business. 

Additional  claims  for  injury  to  business,  caused  by  the  carr3ring 
out  of  the  Metropolitan  Water  Act  in  the  towns  of  West  Boylston 
and  Boylston  and  portions  of  the  towns  of  Sterling  and  Clinton^ 
have  been  filed  during  the  year  ending  December  31,  1904,  to  the 
number  of  2.  Settlements  of  such  claims  have  been  effected  during 
the  year  in  18  cases,  under  which  the  sum  of  $20,265  has  been  paid. 
Two  claims  have  been  disallowed.  All  of  these  claims  except  1 
have  been  settled  by  the  Board  outside  of  the  court.  The  number 
of  claims  of  this  class  settled  since  the  beginning  of  the  Water  Works 
has  been  282,  and  the  total  sum  paid  on  account  of  such  claims  has 
been  $139,286. 

(9)  Claims  and  Settlements  for  Loss  of  Employment. 

During  the  year  ending  December  31,  1904,  6  claims  for  loss  of 
employment  by  residents  of  West  Boylston  have  been  filed.     Set- 
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tlemepts  have  been  made  in  3  cases,  the  amount  paid  being  $200.49. 
During  the  year  6  claims  have  been  disallowed.  The  whole  num- 
ber of  settlements  effected  has  been  474.  The  total  amount  paid  on 
account  of  these  claims  has  been  $85,884.65. 

(10)  Claims  and  Settlements  for  Depreciation  of  Real 

Estate. 

Settlements  in  24  cases  of  injury  to  real  estate  in  the  towns  of 
Clinton,  Sterling  and  West  Boylston  have  been  made  during  the 
year  ending  December  31,  1904,  and  the  sum  of  $26,151.17  has 
been  paid.  Of  these  claims,  2  have  been  settled  in  the  courts. 
The  total  number  of  claims  of  this  class  settled  to  December  31, 
1904,  has  been  248,  and  the  total  amount  paid  thereon  has  been 
$244,395.77. 

It  was  provided  by  chapter  436  of  the  Acts  of  the  year  1904  that 
the  owners  of  real  estate  situated  in  that  part  of  the  town  of  Boyl- 
ston lying  on  the  southerly  and  southeasterly  sides  of  the  reservoir 
and  within  the  limits  of  the  Nashua  River  watershed  should  have  the 
right  to  recover  for  damages  to  real  estate  not  taken,  but  directly 
or  indirectly  decreased  in  value  by  reason  of  the  Metropolitan  Water 
Act,  in  a  manner  similar  to  that  before  provided  for  owners  of  real 
estate  in  the  town  of  West  Boylston.  No  claims  have  been  allowed 
by  the  Board  under  this  act. 

(11)  Claims  on  Account  of  Diversion  of  Water. 

There  has  been  paid  during  the  past  year,  on  account  of  judg- 
ments obtained  for  the  diversion  of  water,  the  sum  of  $37,463.80. 
The  total  sum  paid  under  settlements  and  judgments  for  such  claims 
since  the  beginning  of  the  construction  of  the  Water  Works  has  been 
$1,135,708.91.  These  claims  do  not,  however,  in  these  or  in  the 
preceding  cases,  include  amounts  paid  for  expert  services  and  court 
expenses. 

III.  WATER  WORKS— MAINTENANCE. 

Considerable  addition  has  been  made  during  the  past  year  to  the 
duties  of  the  Engineer  of  the  Distribution  Department.  On  March 
10  the  Sudbury  Department,  including  also  Lake  Cochituate  and  the 
Cochituate  Aqueduct,  and  on  May  25  the  Weston  Aqueduct,  were 
placed  in  charge  of  the  Engineer  of  the  Distribution  Department. 
The  title  of  the  head  of  the  department  was  changed  to  that  of  En- 
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gineer  of  Sudbury  and  Distribution  Departments.  This  engineer 
has  now,  therefore,  charge  of  substantially  all  the  work  of  mainte- 
nance and  operation  as  far  west  as  South  borough.  lie  is  assisted  by 
Charles  E.  Haberstroh,  who  has  the  immediate  supervision  of  the 
Sudbury  and  Cochituate  works  and  the  portion  of  the  Weston 
Aqueduct  above  the  Weston  Reservoir;  by  George  E.  Wilde,  who 
has  the  immediate  supervision  of  the  Weston  Reservoir  and  the  re- 
mainder of  the  Weston  Aqueduct,  and  of  all  the  reservoirs  and  pipe 
lines  within  the  Metropolitan  District ;  and  by  John  W.  Lynch  who 
has  charge  of  the  several  pumping  stations. 

(1)  Operation  of  Works. 

All  the  19  cities  and  towns,  included  within  the  Metropolitan 
Water  District,  having  an  estimated  population  of  972,600,  have  been 
supplied  with  water  during  the  year,  except  the  city  of  Newton  and 
the  town  of  Hyde  Park.  These  two  municipalities,  though  belong- 
ing to  the  District,  have  as  yet  made  no  application  for  a  supply  of 
water ;  and,  the  Board  being  still  of  the  opinion  that  they  have  not 
reached  the  safe  capacity  of  their  own  sources  of  supply  in  a  dry 
year,  they  have  been  charged  with  but  one-sixth  of  the  entire  assess- 
ment and  have  not  been  supplied  with  water  from  the  Metropolitan 
Water  Works. 

In  addition,  the  town  of  Swampscott  is  supplied  with  water  under 
a  special  arrangement  made  with  the  Board,  and  a  small  part  of  the 
town  of  Saugus  is  permitted  to  take  water  under  a  contract  with  the 
Revei'e  Water  Company,  which  supplies  water  to  the  town  of  Revere. 

In  April  a  recjuest  was  made  to  the  Board  by  the  Cambridge  Water 
Board  for  a  temporary  supply  of  water ;  and,  inasmuch  as  it  appeai*ed 
that  an  emergency  existed  in  that  city,  not  only  by  reason  of  the 
scarcity  of  water  but  also  of  the  danger  to  health  which  would  arise 
from  the  drawing  down  of  Fresh  Pond  to  a  lower  level,  the  Board 
voted  to  furnish  water  to  the  city  to  meet  this  emergency,  such  water 
to  be  supplied  to  the  city  of  Cambridge  subject  to  the  same  limita- 
tions and  restrictions  as  should  apply  to  the  cities  and  towns  of  the 
Metropolitan  Water  District.  Under  this  agreement  water  was  fur- 
nished to  that  city  for  a  period  of  39  days,  to  the  amount  of  331,- 
540,000  gallons,  for  which  the  city  paid  to  the  Commonwealth  the 
sum  of  $15,218.70.  Subsequently,  in  November,  a  request  ^N-as 
again  made  by  the  Cambridge  Water  Board  for  a  temporary  supply 
of  water;  and,  inasmuch  as  it  appeared  that  a  like  emergency  had 
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again  arisen,  the  Board  agreed  to  furnish  water  to  the  city  of  Cam- 
bridge to  the  extent  of  300,000,000  gallons,  subject  to  the  same 
provisions  as  before.  The  300,000,000  gallons  were  accordingly 
furnished,  for  which  the  Commonwealth  is  to  receive  $15,000. 

It  was  understood  that  the  Cambridge  authorities  should,  upon  the 
meeting  of  the  Legislature,  ask  for  legislation  by  which  the  furnish- 
ing temporarily  ot  water  should  be  authorized  by  statute  in  case  a 
similar  emergency  should  again  arise. 

Except  the  water  supplied  by  the  city  of  Newton  and  the  town  of 
Hyde  Park  from  their  own  sources,  the  water  supplied  to  the  Met- 
ropolitan Water  District  came  from  the  sources  of  the  Metropolitan 
Water  System,  and  amounted  to  a  total  of  41,929,740,000  gallons, 
or  an  average  daily  supply  of  114,876,000  gallons. 

(2)  Storage  Resekvoirs. 

Lake  Cochituate,  which  is  the  storage  reservoir  of  the  Cochituate 
watershed,  has  a  normal  capacity  of  2,242,400,000  gallons.  In  the 
Sudbury  watershed  the  Sudbury  Reservoir  has  a  like  capacity  of  7,- 
253,500,000  gallons,  and  the  7  smaller  reservoirs  have  a  combined 
capacity  of  6,362,600,000  gallons.  All  the  storage  reservoirs, 
therefore,  of  the  Cochituate  and  Sudbury  watersheds,  have  a  total 
capacity  of  15,858,500,000  gallons.  These  reservoirs,  however, 
hold  at  certain  periods  a  somewhat  larger  amount  of  water  than  is 
estimated  as  their  normal  capacity. 

These  storage  reservoirs  contained  on  January  1,  1904,  11,376,- 
800,000  gallons,  but  were  gradually  lowered  until  February  22,  when 
they  contained  10,550,000,000  gallons,  the  lowest  amount  reached. 
The  largest  quantity  on  storage  in  these  reservoirs  was  on  June  8, 
when  they  contained  16,011,500,000  gallons. 

The  amount  of  water  in  storage  was  largely  increased  by  the  addi- 
tional quantity  which  was  stored  in  the  unfinished  Wachusett  Reser- 
voir. The  amount  stored  in  the  Wachusett  Reservoir  was  increased 
from  1,760,100,000  gallons,  at  the  beginning  of  the  year,  to  a  maxi- 
mum of  10,117,500,000  gallons  on  June  8. 

There  was  a  maximum  total  quantity  of  water  in  storage  for  the 
uses  of  the  Metropolitan  Water  District  on  June  8,  when  the  amount 
of  26,129,000,000  gallons  was  reached. 

The  water  in  the  Wachusett  Reservoir  was  carried  in  June  to  the 
full  height  permitted  by  the  condition  of  the  dam  and  reservoir. 
Before  this  time,  considerable  water,  estimated  at  8,600,000,000 
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gallons,  was  wasted  into  the  river,  because  the  conditions  made  it 
impossible  to  raise  the  water  to  a  higher  level. 

An  average  of  88,554,000  gallons  per  day  was  drawn  from  the 
Wachusett  Reservoir  and  conveyed  through  the  Wachusett  Aqueduct 
into  the  Sudbury  Reservoir.  From  the  Framingham  Reservou*  No. 
3,  which  received  not  only  this  supply  but  also  the  yield  of  a  con- 
siderable portion  of  the  Sudbury  watershed,  there  was  drawn  and 
conveyed  through  the  Sudbury  Aqueduct  an  average  of  64,827,000 
gallons  per  day,  and  an  average  of  30,575,000  gallons  per  day  was 
carried  through  the  Weston  Aqueduct  into  the  District.  An  aver- 
age of  9,004,000  gallons  per  day  was  also  drawn  through  the  Sudbury 
Aqueduct  from  Framingham  Reservoir  No.  2.  An  average  of 
14,984,000  gallons  per  day  was  drawn  from  Lake  Cochituate  through 
the  Cochituate  Aqueduct.  Lake  Cochituate  was,  however,  some- 
what reinforced  by  water  received  on  severial  days  in  the  year  fipom 
the  Framingham  reservoirs.  It  is  estimated  that  the  Spot  Pond 
watershed  yielded  an  average  of  497,000  gallons  per  day,  which  was 
in  addition  to  the  quantity  pumped  into  the  pond. 

Water  was  drawn  substantially  during  the  entire  year  from  the 
Wachusett  Reservoir  or  Nashua  River ;  from  the  Sudbury  Reservoir 
and  Framingham  Reservoir  Ko.  3;  from  Lake  Cochituate  for  a 
period  of  8J  months ;  from  Framingham  Reservoir  No.  2,  Ashland 
Reservoir  and  Hopkinton  Reservoir  for  a  continuous  period  of  4 
months;  and  during  15  days  from  Whitehall  Reservoir.  No  water 
was  drawn  from  Framingham  Reservoir  No.  1  or  from  Farm  Pond 
directly  into  the  District. 

A  driveway  leading  to  the  Sudbury  Reservoir  and  Dam,  which 
had  been  badly  worn  during  the  construction  of  the  Weston  Aque- 
duct, received  thorough  repairs.  A  wooden  building,  arranged  for 
workshop  and  storage  purposes,  has  been  erected  in  connection 
with  the  other  buildings  of  the  Commonwealth  situated  near  the 
Dam.  Some  repairs  were  also  required  at  Framingham  Reservoir 
No.  1  and  at  Lake  Cochituate. 

(3)  Distributing  Reservoirs. 

The  distributing  reservoirs,  so  called,  comprising  Spot  Pond, 
Chestnut  Hill,  Fells,  Mystic,  Waban  Hill,  Forbes  Hill  and  Bear 
Hill  reservoirs,  and  the  Arlington  and  Forbes  Hill  standpipes,  which 
are  situated  within  the  Metropolitan  District,  and  were  built  more 
especially  for  the  purpose  of  facilitating  the  distribution  of  water 
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in  the  District,  also  serve  secondarily  for  the  storage  of  a  large 
quantity  of  water  which  can  be  drawn  upon  in  case  of  emergency. 
The  total  capacity  of  the  above-named  reservoirs  is  2^181,230,000 
gallons.  To  this  total  may  be  added  200,000,000  gallons,  the 
capacity  of  the  Weston  Reservoir,  which  was  built  especially  as  an 
equalizing  reservoir  for  the  waters  coming  through  the  Weston 
Aqueduct.  During  the  past  year,  also,  an  arrangement  has  been 
made  with  the  Water  Commissioners  of  the  city  of  Chelsea  by  which 
water  may  be  drawn  from  the  high-service  reservoir  in  that  city  in 
case  of  emergency,  for  supplying  other  cities  and  towns  situated  in 
that  portion  of  the  District.  In  consideration  of  this  use,  the  Board 
has  made  repairs  to  the  lining  of  the  reservoir  at  a  cost  of  about 
$4,000.     TUs  reservoir  has  a  capacity  of  916,500  gallons. 

The  grounds  about  Chestnut  Hill  Reservoir,  Spot  Pond,  Fells 
Reservoir  and  Forbes  Hill  Reservoir,  at  which  the  tower  commands 
an  extensive  view  of  the  surrounding  country,  have  been  much 
resorted  to  in  the  summer  season  for  recreation  purposes.  Mystic 
Lake,  although  not  now  used  for  water  supply  purposes,  is  main- 
tained in  good  repair,  and  its  waters  may  be  used  in  case  of  emer- 
gency for  the  purposes  of  the  District.  The  estimated  capacity  of 
this  lake  is  now  380,000,000  gallons. 

(4)  "Aqueducts. 

The  Wachusett  Aqueduct  was  kept  in  use  during  283  days  of  the 
year.  It  was  emptied  for  a  thorough  cleaning,  and  also  for  the 
purpose  of  repairing  some  cracks  in  the  aqueduct  which  had  been 
caused  by  changes  of  temperature. 

The  Sudbury  Aqueduct  was  in  operation  during  354  days.  It 
was  twice  emptied  for  cleaning,  and  its  use  was  discontinued  also 
for  necessary  repairs  to  that  portion  of  the  aqueduct  which  crosses 
the  Waban  Bridge.  There  was  a  leakage  from  the  aqueduct  at  this 
bridge,  owing  to  cracks  in  the  masonry ;  these  were  pointed  or 
grouted  and  washed  with  cement,  and  the  lower  half  of  the  aque- 
duct for  the  entire  length  of  the  bridge,  a  distance  of  562.25  fefet, 
was  lined  with  sheet  lead  and  otherwise  reinforced.  Other  repairs 
of  a  minor  character  were  required  at  Echo  Bridge  and  at  the  Beaver 
Dam  Brook  culvert. 

The  Oochituate  Aqueduct  was  in  use  259  days  during  the  year. 

The  flow  of  the  Weston  Aqueduct,  which  had  been  put  into  oper- 
ation at  the  very  end  of  the  preceding  year,  was  shut  off  for  about 
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three  weeks,  in  order  to  do  the  finishing  work  upon  the  Weston 
Reservoir.  At  the  same  time  some  cracks  in  the  aqueduct,  which 
developed  soon  after  construction,  were  repaired,  and  other  finish- 
ing work  was  accomplished.     The  aqueduct  was  in  use  320  days. 

(5)  Pumping  Stations. 

The  operation  of  the  Weston  Aqueduct  has  enabled  more  than 
one-fourth  part  of  the  entire  quantity  of  water  consumed  by  the 
District  to  be  supplied  by  gravity,  and  has  consequently  relieved, 
to  a  considerable  extent,  the  low-service  pumping  station  at  Chest- 
nut Hill. 

The  average  number  of  gallons  pumped  per  day  at  the  pumping 
stations  during  the  year  was  95,525,000,  as  appears  by  the  follow- 
ing table :  — 


NAME. 


Total  CAMcltj  of 

PnmiM  (Gallons 

per  Day). 


Ararure  Namber 

of  Oallona 
puinpad  par  Day. 


Chestnut  Hill,  high  service, 
Chestnat  Hill,  low  service. 
Spot  Pond,     . 
Arlin^D, 
West  Roxbury, 


66,000,000 
105,000,000 

80,000,000 
1,600,000 
2,000,000 


204,500,000 


81,125,000 

55,8SO,000 

7,999,000 

517,000 

504,000 


95,525,000 


Although  the  average  height  to  which  the  water  was  pumped  in 
the  year  1904  was  86.87  feet,  or  18.37  feet  higher  than  in  the  pre- 
ceding year,  the  cost  per  million  gallons  pumped  was  $2,615,  being  a 
reduction  from  the  preceding  year  of  $0,195.  This  decrease  in  cost 
was  largely  due  both  to  the  reduced  price  of  coal  and  to  the  use  of 
a  larger  proportion  of  anthracite  buckwheat  coal  and  screenings, 
which  it  has  been  found  could  profitably  be  mingled  with  other 
kinds  of  coal. 

Tests  have  been  made  to  determine  the  heating  power  and  value 
of  all  the  kinds  of  coal  which  have  been  used  at  the  several  stations. 

The  cost  per  million  gallons  raised  1  foot  was  for  the  Chestnut 
Hill  high-service  station  $0,024,  for  the  Chestnut  Hill  low-service 
station  $0,030  and  for  the  Spot  Pond  station  $0,031.  The  cost  is 
in  each  case  considerably  less  than  that  of  the  preceding  year. 
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(6)  Pipe  Lines  and  Pipe  Yards. 

No  new  lines  of  main  pipes  have  been  put  in  service  during  the 
year.  There  have  been  19  leaks  in  pipes,  l(y  of  which  were  caused 
by  defective  joints.  Two  leaks  were  discovered  in  the  main  pipes, 
caused  by  breakage,  one  in  the  30-inch  high-service  main  in  the 
grounds  of  the  Chestnut  Hill  Reservoir,  and  the  other  in  the  16-inch 
high-service  main  in  Winthrop  Avenue  in  Revere.  During  the  year 
also  the  12-inoh  pipe  line  on  Washington  Street  in  Lynn,  for  a  dis- 
tance of  553  feet,  was  relaid  on  account  of  the  damage  done  to  it  by 
electrolytic  action. 

The  emergency  and  repair  forces,  that  for  the  northern  district 
having  its  headquarters  at  the  Glenwood  pipe  yard  and  the  other 
for  the  southern  district  at  the  Chestnut  Hill  pipe  yard,  have  been 
able  to  do  all  the  work  of  repairing  and  relaying  that  has  been  re- 
quired. 

(7)  Clinton  Sewerage  and  Filtration  Works. 

During  the  spring  months,  when  the  quantity  of  sewage  was 
large,  the  pumps  of  the  Clinton  Sewerage  Works  were  kept  in 
operation  during  the  night  as  well  as  the  day.  The  quantity  of 
sewage  pumped  and  deposited  upon  the  filter-beds  has  been,  upon 
the  average,  43,000  gallons  per  day  less  than  during  the  preceding 
year,  the  quantity  so  pumped  and  deposited  daily  having  been 
740,000  gallons.  This  decrease  in  the  amount  of  sewage  is  owing 
in  part  to  the  fact  that  the  Clinton  Water  Department  has  continued 
to  increase  the  number  of  metered  house  services,  and  in  part  to  the 
fact  that,  the  river  being  lower,  there  has  probably  been  less  perco- 
lation of  river  water  into  the  defective  local  sewers. 

The  8  new  settling  basins  which  have  been  added  to  the  filtration 
beds  were  put  into  operation  near  the  end  of  the  year.  Considerable 
experimenting  has  also  been  made  in  the  methods  of  caring  for  the 
filter-beds,  in  order  to  improve  further  the  character  of  the  effluent. 

The  expense  of  pumping  was  somewhat  increased,  owing  to  the 
employment  of  an  additional  engineer  for  the  night  service.  The 
cost  per  million  gallons  pumped  was  $11.99,  as  against  $9.37 
the  preceding  year.  The  cost  per  million  gallons  filtered  was 
$8.29,  as  against  $7.82  the  preceding  year. 
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(8)  Sanitary  Inspection  and  Regulations. 

Dr.  J.  J.  Goodwin  of  Clinton  has  been  employed,  as  heretofore, 
under  the  supervision  of  the  engineers  in  charge  of  construction,  to 
examine  the  camps  and  other  buildings  occupied  by  the  laborers,  for 
the  purpose  of  keeping  such  places  and  the  grounds  about  which 
construction  has  been  carried  on  in  proper  sanitary  condition. 

The  general  inspection  of  the  watersheds,  which  has  been  exercised 
by  the  maintenance  department,  has  been  continued  during  the  year 
under  the  supervision  of  William  "W*.  Locke,  C.E.,  with  two  regular 
assistants.  Other  assistance  has  been  rendered  him  by  the  engineers, 
and  at  times  day  laborers  have  been  employed  to  carry  out  the  im- 
provements  which  have  been  required.  There  have  been  no  cases  of 
contagious  disease  arising  within  the  limits  of  the  Wachusett  Reser- 
voir, and  few  such  cases  upon  the  watershed.  There  has  been  a 
larger,  but  not  an  excessive,  number  of  cases  upon  the  Sudbury 
and  Cochituate  watersheds.  Efficient  measures  have  been  taken  in 
all  cases  to  protect  the  purity  of  the  water  supply. 

Inspection  has  been  made  of  1,530  premises  in  the  Wachusett 
watershed,  and  of  847  premises  in  the  Sudbury  and  Cochituate 
watersheds,  the  conditions  of  which  were  for  some  reason  suspected 
or  called  for  examination.  The  larger  number  of  these  were  either 
found  in  satisfactory  condition,  or  but  slight  work  was  required  in 
order  to  make  them  satisfactory.  In  the  more  seiious  cases  in  the 
Wachusett  watershed  remedies  have  been  effected,  through  the  efforts 
of  the  inspectors,  on  15  premises,  and  17  premises  have  been  par- 
tially remedied.  On  the  Sudbury  and  Cochituate  watersheds  148 
premises  have  been  remedied,  all  but  4  of  them  by  sewer  connec- 
tions ;  and,  in  addition,  25  premises  have  been  partially  remedied. 
The  local  authorities  have  in  general  cooperated  with  the  inspectors 
for  the  sanitary  improvement  of  the  region,  and  in  no  case  during 
the  year  has  it  been  necessary  to  resort  to  the  courts  in  order  to  en- 
force the  laws  and  regulations  for  the  prevention  of  pollution. 

A  suit  which  arose  in  the  preceding  year,  through  the  claim  of  the 
owner  of  one  of  the  mill  proj)erties  of  the  right  to  discharge  pollut- 
ing matter  into  the  Quinepoxet  River,  is  still  pending  before  the 
courts. 

It  has  been  the  policy  of  the  Board,  as  previously  announced,  to 
introduce,  at  the  expense  of  the  Commonwealth,  the  works  which 
are  required  for  remedying  the  cases  of  pollution  when  the  sources 
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existed  prior  to  the  operations  of  the  Board.  In  cases  where  the 
Bources  of  pollution  have  arisen  since  the  operations  of  the  Board 
began,  it  has  been  made  the  duty  of  the  owner  to  pay  the  cost  of 
such  work ;  but  the  engineers  and  inspectors  have  been  willing  to 
offer  suggestions  regarding  the  means  by  which  remedies  could  be 
supplied. 

The  ditches  which  have  been  dug  to  drain  swamps  upon  the  water- 
shed have  been  kept  in  good  condition.  No  ditches  were  dug  dur- 
ing the  past  year. 

Samples  of  water  from  as  many  as  17  different  points  have  been 
collected  at  regular  intervals  of  a  month  or  more,  and  submitted  to 
the  State  Board  of  Health  for  analysis  and  examination.  Samples, 
have  also  been  collected  from  a  larger  number  of  places  weekly  or 
fortnightly  for  examination  by  the  biological  force  of  the  Board. 
Besides,  other  samples  have  been  taken  and  examined  from  time  to 
time,  accordingly  as  called  for,  from  the  various  reservoirs,  brooks 
and  filter-beds.  Microscopic  organisms  have  been  found  more 
abundant  than  usual  in  the  Sudbury  Reservoir  and  the  Framingham 
Reservoir  No.  3.  These  have  caused  some  odor  in  the  water,  but 
are  entirely  innocuous.  The  organisms  in  Lake  Cochituate  have 
been  fewer  than  usual,  so  that  but  for  a  small  portion  of  the  year  has 
the  water  been  found  undesirable  for  use. 

(9)  Marlborough  Brook. 

The  sewer  intended  to  convey  diluted  sewage  overflowing  from 
the  sewers  of  the  city  of  Marlborough  during  heavy  storms,  and  an 
additional  filter-bed  for  purifying  the  overflow  by  filtration,  which 
were  completed  at  the  end  of  the  preceding  year,  have  been  in  suc- 
cessful operation.  The  large  filter-bed,  which  combines  with  filtra- 
tion the  advantages  of  a  considerable  reservoir,  has  taken  care  of  the 
overflow  from  the  main  sewer  during  times  of  freshet.  The  main 
filter-beds  have,  except  for  portions  of  six  days  during  freshets, 
filtered  successfully  all  of  the  water  received  from  the  brook.  One 
of  the  old  storage  basins  has  been  much  enlarged  by  increasing  its 
capacity  from  about  2,600,000  gallons  to  9,000,000  gallons.  An 
18-inch  sewer  pipe  has  also  been  substituted  for  the  open  channel, 
built  from  the  end  of  the  new  overflow  sewer  to  the  filter-beds. 

The  analyses  which  have  been  received  show  that  the  water  has 
generally  b^en  satisfactorily  purified  by  the  filtration. 
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IV.    WATER  WORKS  —  FINANCIAL   STATEMENT. 
( 1 )  Metropolitan  Water  Loan,  Receipts  and  Assessments. 

The  appropriations  for  the  oonstruction  and  acquisition  of  the 
Metropolitan  Water  Works,  the  receipts  which  are  added  to  these 
appropriations,  the  expenditures  for  the  construction  and  acquisition 
of  works,  and  the  balance  available  on  January  1,  1905,  have  been 
as  follows :  — 

Appropriation  under  chapter  488  of  the  Acts  of  1895,     .        .        .  $27,000,000  00 
Appropriation  under  chapter  453  of  the  Acts  of  1901,     .  .    18,000,000  00 

(40,000,000  00 
Proceeds  from  the  sales  of  property  applicable  to  the  construction 

and  acquisition  of  works  (of  which  (20,593.60  is  for  the  year 

1904) 95,570  85 

(40,095^70  85 
Amount  approved  by  the  Metropolitan  Water  and  Sewerage  Board 
for  payments  to  December  31, 1904  (of  which  $2,174,498.19  is 
for  the  year  1904), 38,888,255  76 

Balance  January  1, 1905, $1,707,315  09 

The  Treasurer  of  the  Commonwealth,  under  the  authority  given 
hun  to  issue  from  time  to  time,  on  the  request  of  the  Board, 
negotiable  bonds  to  an  amount  not  exceeding  $40,000,000,  to  be 
designated  the  ^^  Metropolitan  Water  Loan,"  has  sold  bonds  as 
follows :  — 


Datk. 


Bonds  told. 


BAte 
(Per  Cent). 


Time 
(Yean). 


Price. 


PremlaniB 
(In  Amount). 


1895, 
1896, 
1896, 
1897. 
1898, 
1898, 
1899, 
1900, 
1901. 
1901. 
1901, 
1901, 
1901, 
1901, 


$2,225,000 

3i 

40 

2,775,000 

8i 

40 

2,000.000 

3i 

39 

6,000,000 

8i 

38i 

2,000,000 

H 

40 

2,000,000 

3i 

40 

3,000,000 

3 

40 

1.000,000 

3 

39 

3,000.000 

3 

40 

100,000 

3 

40 

150,000 

3 

40 

205,000 

8 

89i 

50,000 

3 

39i 

50,000 

3 

39i 

$110 
110 
106 
107 
113 
112 
100 
102 
102 
100 
100 
100 
100 
100 


67 

67 

76268 

82 

176 

877 

64 

78 

155 

375 

10 

25 

25 

50 


$287,407  60 

296,092  50 

135,258  60* 

469,200  00 

263,520  00 

257,640  00 

19,200  00 

27,800  00 

64,650  00 

375  00 

150  00 

512  50 

125  00 

250  00 


*  Inclndlog  $18,078.60  from  readjostment  of  rate  made  by  the  Treaaarer  In  1807. 
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Datb. 


Bonds  sold. 


Rate 

(Per  Cent). 


Premlonu 
(In  Amount). 


1901, 
1901, 
1901, 
1901, 
1901, 
1902, 
1902, 
1903, 
1908, 
1904, 
1904, 


1300,000 

200.000 

8,100,000 

1,346,000 

1,500,000 

8,000,000 

500,000 

250,000 

1,260,000 

500,000 

2,000,000 


138,600,000 


8 

89i 

3 

39i 

8i 

89i 

8 

89i 

3 

89i 

8i 

40 

8il 

40 

8i 

40 

H 

40 

Si 

89i 

H 

40 

flOO 
100 
106 
100 
100 
109 
109 
106 
106 
104 
104 


10 

26 

71 

00 

00 

18 

18 

725 

1829 

60* 

60 


$800  00 

500  00 

208,010  00 


278,900  00 

45.660  CO 
16,812  6a 

76.661  26 
23,000  00 
92,000  00 


12,508,909  86 


*  TheM  bonds  were  temporsrlly  sold  In  1908  to  the  sinking  fond  at  par,  and  were  subsequently,  in 
1904,  resold  from  the  sinking  fund  at  this  rate. 

The  sinking  fund  established  by  the  Treasurer  of  the  Common- 
wealth has  amounted  at  the  end  of  each  year  to  sums  as  follows  :  — 


December  31, 1895, 
December  81, 1896, 
December  31, 1897, 
December  31, 1898, 
December  31, 1899, 
December  31, 1900, 
December  31, 1901, 
December  81, 1902, 
December  31, 1903, 
December  31, 1904, 


$226,286  06 
699,860  70 
954,469  00 
1,416,874  29 
1,349,882  97 
1,578,619  72 
1,662,426  96 
2,266,808  81 
2^77,886  69 
8«519,602  92 


The  assessments  for  the  year  1904,  made  by  the  Treasurer  of  the 
Commonwealth,  for  the  payment  of  the  interest  on  the  bonds  issued 
by  the  Commonwealth,  the  sinking  fiind  requirements  and  the  ex- 
penses of  operation  and  maintenance  of  the  Water  Works,  were  as 
follows :  — 


ArlingtOD, 
Belmont, . 
Boston,  . 
Chelsea,  . 
Everett,  . 
Hyde  Park. 
Lexington, 
Maiden,  . 
Medford, . 
Melrose, . 
Milton,    . 


112,972  76 

6,391  85 

1,700,274  07 

44,507  49 

33,637  19 

8,091  24 

6,891  91 

46,499  48 

27,619  87 

19,722  73 

16,178  01 


Nahant,  . 
Newton,  . 
Quincy,  . 
Revere,  . 
Somerville, 
Stoneham, 
Watertown, 
Winthrop, 


13,535  06 
10,859  66 
34,084  24 
15.717  42 
86,736  98 

8,843  88 
15,060  77 

9,880  83 

12,100,800  87 
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The  comparatively  smaller  sums  assessed  upon  the  city  of  Ne\vton 
and  the  town  of  Hyde  Park  were  owing  to  the  fact  that  neither  of 
these  municipalities  had  reached  the  safe  capacity  of  its  sources,  and 
had  been  furnished  with  water. 

The  proceeds  from  the  operations  of  the  Board,  exclusive  of  the 
proceeds  from  sales  of  property,  have  been,  according  to  the  pro- 
visions of  the  Water  Act,  applied  to  the  payment  of  interest  and 
sinking  fund  requirements,  and  the  maintenance  and  operation  of 
works,  as  follows  :  — 

For  the  year  1904, $12,462  85 


The  expenditures  for  the  maintenance  and  operation  of  the  Met- 
ropolitan Water  Works  have  been  as  follows :  — 


For  the  year  1904, . 


(315,780  81 


Sums  have  been  received  during  the  year  1904,  under  the  pro- 
visions of  the  Metropolitan  Water  Act,  for  water  furnished,  as 
follows ;  — 

Cambridge, $15,218  70 

Framingham  Water  Company, 366  80 

Revere  Water  Company, 891  00 

Swampseott, 4,100  00 

$20,076  60 

At  the  close  of  the  year,  the  Treasurer,  in  accordance  with  the 
requirements  of  the  Act,  has  distributed  to  the  cities  and  towns  of 
the  District,  in  proportion  to  the  annual  assessments  theretofore 
contributed  by  them,  this  amount,  as  follows  :  — 


Arlington, 

$118  86 

fielmont. 

59  67 

Boston, 

.     16,475  04 

Chelsea, 

481  62 

Everett, 

807  25 

Hyde  Park, 

29  10 

Lexington, 

18  06 

Maiden, 

443  63 

Medford, 

260  8^ 

Melrose, 

188  34 

Milton, 

46  66 

Nahant, 

$88  14 

Newton, 

97  98 

Quincy,        .        .        .        . 

319  96 

Revere, 

141  99 

Somerville,  .        .        .        . 

820  31 

Stoneham,    .        .        .        . 

60  96 

Watertown, 

140  82 

Winthrop,    . 

87  76 

$20,076  50 
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(2)  Expenditures  for  the  Different  Works. 

The  following  is  a  summary  of  the  expenditures  made  in  the 
various  operations  for  the  different  works :  — 


conitbuction  and  acquisitioll  ot 
Works. 


For  the  Year  ending 
December  81, 1904. 


From  Beginning  of  Work 
to  December  81, 1004. 


AdmlnlBtretton  applicable  to  all  parts  of  the 
constraetlon  and  acqolsltion  of  the  work)*, 
WachQsett  Dam  and  Reservoir :  — 

Wacha  sett  Dam 

North  Dike 

South  Dike 

Removal  of  soil, 

Relocation  of  railroad*,  . 

Roads  and  bridges,  .... 

Realesute, 

DamagCB,  real  estate  not  taken,  business  and 
loss  of  wages,        .... 

Other  expenses,       .... 


Improving  Wachusett  watershed.     . 
Waehnsett  Aqoedaet, 

Sndbury  Reservoir 

Protection  of  Sndbury  supply,  . 
Improving  Sudbury  watershed, 
Protection  of  Ooehttuate  supply. 
Improving  Coehltuate  watershed,     . 
ImprovlDg  Lake  Coehltuate, 
Pipe  lines.  Dam  No.  8  to  Dam  No.  l. 
Pipe  line,  Rosemary  siphon, 
Weston  Aqueduct:  — 

Aqueduct, 

Reservoir, 

Supply  pipe  lines,    .... 

Real  estate,  taxes  and  other  expenses. 

Distribution  system :  — 
Low  service :  — 
Pipe  lines  and  connections, 
Pumping  station,  Chestnut  Hill, 
Reservoir,  Spot  Pond, . 
Gate-house    and    connections,   Chestnut 

Hill  Reservoir,  .  .*      . 

Real  estate  and  other  expenses, . 
Northern  high  service :  — 
Pipe  lines  and  connections. 
Spot  Pond  pumping  station, 
Fells  Reservoir,  Stoneham, 
Bear  Hill  Reservoir,  Stoneham, 
Real  estate  and  other  expenses, 

Amountt  carried  fortoard. 


$e00,328  07 

08,800  38 

100,084  16 

304,487  81 

140,688  75 

88,170  66 

62,178  88 

46,616  66 
613  16 


$01,613  70 

66,411  77 

0,464  60 

60,361  68 


$368  66 


2,256  78 
340  80 

111  00 


$17,504  74 


1,506.808  88 

40,554  08 

1,078  75 

0,045  00 
8,378  84 


316,740  74 


$3,086  64  $1,705,006  47 


$1,088,151  00 
747,388  45 
115,641  81 

3,888,057  06 
831,700  77 
464,475  35 

8,141,070  55 

460,566  43 
5,883  23 


$3,816,010  n 
388,454  70 
584,088  03 
184,151  34 


$388,078  75 


10,106,^  08 

58,034  81 

1.700,387  63 

3,032,445  31 

128,707  06 

04,754  58 

0,000  00 

8,860  68 

*  108,587  20 

48,471  48 

28,142  08 


8,867,660  72 


$1,751,205  67 
450,351  07 
578,101  58 

65,480  88 
86,800  80 

440,580  28 

201,820  85 

141,802  04 

88,267  70 

14,888  05 


$8,867,n7  81  $18,001,186  10 
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COH8TBCCTION  AND  AOQUIBITIOK  OT 
WOBKl. 


For  the  Ymut  andiog 
December  81, 1004. 


From  BegtnnlDg  of  Work 
to  December  81, 1904. 


Amountt  brought  /ortoard, 

DletribntloD  syetem  •  Con. 

Soathern  high  eervice :  — 
Pipe  lloea  and  eooneotloDS, 
Pnmplng  stetloD,  Cheetnnt  Hill, 
Forbea  Hill  Keservotr,  Qalney,  . 
Weban  Hill  ReMrroir,  Newtoo, 
Real  eetate  and  other  expeneee, . 

Northern  extra  high  eervlce,  . 

Soathern  extra  high  eervlce,  . 

Meters  and  coDoectlons, . 

Improving  Spot  Pond  Brook, 

Olenwood  pipe  yard, 

Chestnut  Hill  pipe  yard. 

Diversion  of  water,  South  Branch  of  Nashua 

River,* 

Acquisition  of  existing  water  works :  — 
Reimbursement  city  of  Boston,  partially 

constructed  Sudbury  Reservoir, 
To  Boston,  for  works  taken  Jan.  1, 1808, 
To  Maiden,  Medford  and  Melrose  (on  ac 

count)  for  taking  of  Spot  Pond, . 
To  Newton,  for  Waban  Hill  Reservoir, 

Transfers  of  works  acquired  and  other  prop- 
erty to  accounts  for  special  works,    . 

Engineering,  conveyancing,  etc.,  . 

Mpet,  Val9e9,  Cattingty  etc.,  Mnt  Jlrti  to 
Storage  Yard*,  and  afUrwardt  tran»/erred 
at  needsd  to  Difltrent  Partt  of  the  Work, 

Sent  to  storage  yards, 

Transferred  from  storage  yards  to  works,  and 
Included  In  costs  above, 

Total  for  constructing  and  acquiring  of 
works, 


$2,080  04  #1,705,900  47 


5  00 


14  00 

62  00 

812  74 

170  02 


$817,820  08 


$817,820  08 


$817,820  08 
0,700  04 


$021  88 


718  44 


4,047  80 
40,728  41 


327,527  02 


908  80 


$2,174,408  10 


$8,807,717  81  $18,001,180  10 


504,420  55 
242,121  85 
00,008  40 
01,502  11 
10,220  80 
13,051  47 
22,815  07 
74,001  28 
8,717  05 
88,100  60 
11,311  28 


4,985,878  40 
1,857,481  31 


$1,157,021  50 
12,708,048  80 

848,570  80 

00,000  00 


$14,830,440  78 
1,240,108  42 


$18,000,274  80 
88,814  54 


18,124,088  90 


$2,084,380  97 


2,014,800  01 


09,720  96 


$38,888,255  70 


*  Of  the  total  expenditures  from  the  beginning  of  the  work,  the  sum  of  $140,102  is  for  Clinton 
sewerage  system. 


Maimtbnakcb  and  Opbbatioit. 


For  the  Year  ending 
December  81, 1004. 


Administration,    . 
General  supervision,  . 
Taxes  and  other  expenses, 

Amount  carried  forward , 


$0,673  IS 

4,435  85 

80,814  05 


$44,428  08 
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Kaintxhamcs  Ain>  Opxbation. 


For  the  Year  ending 
December  81, 1M4. 


Amount  brought  forward,  . 

Wacbnsett  Reeervolr  Department :  — 
Sanitary  inspection, 

Buildings, 

Reservoir, 


Waohnsett  Dam  and  Aqaedoet  Department : 
General  snperlntendenoe, 

Dam  and  aquednett 

Clinton  sewerage  system :  — 

Pumping  station, 

Sewers,  screens  and  filter-beds, . 
Sanitary  inspection,         .... 


Bndbnry  Department :  — 
General  superintendence, 
Superintendence,  Framingham  office, 
Ashland  Reservoir, .... 
Hopklnton  Reservoir, 
Whitehall  Reservoir, 
Framingham  Reservoirs,  1, 2  and  8, 
Sudbury  Reservoir, 
Lake  Ooebltnate,     .... 
Marlborough  Brook  filters,    . 

Pegan  filters, 

Sudbury  and  Coehitnate  watersheds, 

Sanitary  inspection, 

Sudbury  and  Cochituate  Aqueducts, 

Weston  Aqueduct 

Biological  laboratory,     . 


Distribution  Department :  — 

Superintendence 

Arlington  pumping  station,  pumping  service, 

Chestnut  Hill  low-service  pumping  station,  pumping  service, 

Chestnut  Hill  high-service  pumping  station,  pumping  service, 

Spot  Pond  pumping  station,  pumping  service,     . 

West  Rozbury  pumping  station,  pumping  service,    . 

Arlington  standpipe, 

Bear  Uill  Reservoir, 

Chelsea  Reservoir, 

Chestnut  Hill  Reservoir, 

Fells  Reservoir, 

Forbes  Hill  Reservoir, 

Mystic  Lake,  conduit  and  pumping  station, 

Mystic  Reservoir, 

Waban  Hill  Reservoir, 

Spot  Pond 

Buildings  at  Spot  Pond 

Amountt  carried  forward, 


$2,860  70 

474  72 

3,401  86 


$1,881  40 
10,478  71 

8,136  75 

4,444  10 

67  70 


$8,031  82 
6,872  77 
1,406  17 
1,883  08 
288  75 
4,800  26 
6,808  62 
8,166  46 
6,647  66 
3,088  16 
787  86 
2,668  83 

22,661  37 
7,647  80 
2.668  84 


$12,640  08 

6,864  80 

81,146  81 

82,288  07 

11,060  08 

6,087  31 

40  88 

136  62 

4,086  01 

8,818  42 

786  70 

1,247  61 

3,277  76 

1,752  01 

600  14 

8,000  67 

88  80 


$44,428  08 


6,336  87 


10,602  84 


74,061  06 


$128,030  60        $144,323  60 
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Maintbnakov  and  Opbratioh. 


For  the  YcMtr  ending 
DeoemberSl,  1904. 


AmounU  brought  /artoard, 

Dtotribation  Department  —  Con. 
Pipe  lines :  — 

Low  eerrlee, 

Nortbem  high  ■ervlee, 

Soathem  high  eervlce, 

Bupply  pipe  lines, 
Bnlldlngs  at  Chestnut  Hill,    . 
Chestnut  Hill  pipe  yard, 
Glenwood  pipe  yard  and  butldiogs, 

SUbles, 

Waste  prevention 

Ventnri  meters,       .... 


Total  for  maintaining  and  operating  works. 


$126,089  00        $144,828  99 


18,000  16 
8,952  01 
8,115  61 
812  20 
1,682  80 
1,481  05 
4,788  94 
5,915  56 
4,434  05 
8,440  02 


171,457  12 
$815,780  61 


(3)  Detailed  Financial  Statement. 

The  Board  herewith  presents,  in  accordance  with  the  Metropolitan 
Water  Act,  an  abstract  of  the  expenditures  and  disbursements,  re- 
ceipts, aasets  and  liabilities  for  the  year  1904. 


(a)  Expenditures  and  Disbursements. 

The  total  amount  of  the  expenditures  and  disbursements  on  account 
of  construction  and  acquisition  of  works  for  the  year  beginning  Jan- 
uary 1,  1904,  and  ending  December  31,  1904,  is  $2,174,498.19; 
and  the  total  amount  from  the  time  of  the  organization  of  the  Met- 
ropolitan Water  Board,  July  19,  1895,  to  December  31,  1904,  is 
$38,388,255.76. 

For  maintenance  and  operation  the  expenditures  for  the  year  have 
been  $315, 780.81,  and  from  the  beginning  of  the  work,  $1,912, 536. 44. 

The  salaries  of  the  commissioners,  and  other  expenses  of  admin- 
istration, have  been  apportioned  to  the  construction  of  the  works 
and  to  the  maintenance  and  operation  of  the  same,  and  appear 
under  each  of  those  headings. 

The  following  is  a  division  of  the  expenditures  according  to  their 
general  character :  — 
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Obkbrai.  Oharaotbh  07  Bxpbmditxtbbs. 


For  the  Year  ending 
December  31, 1904. 


From  Beginning  of  Work 
to  December  81, 1004. 


OONBTHUCTION  Or  WORKS  AMD  AOQUIIITIGM 
BT  PUBCHABB  OB  TAXINfl. 

AdminUtratton, 

Commteeioners, 

Secretary  and  auditor, 

Clerks  and  stenographets, 

Legal  eervteee, 

Travelling, 

Stationery  and  printing, 
Pottage,  express  and  telegrams, 

Fnmltare  and  flztures, 

Alterations  and  repairs  of  baildlngs. 
Telephone,  lighting,  heating,  water  and  care 

of  bnllding 

Rent  and  taxes,  main  office,       .... 
Miscellaneous  expenses, 

Engineering, 
Chief  engineer  and  department  engineers. 
Principal  assistant  engineers,    .... 

Bngineerlng  assistants, 

Consulting  engineers 

Inspectors, 

Arebiteets, 

Railroad  and  street  car  travel,  .... 

Wagon  hire, 

Stationery  and  printing, 

Postage,  express  and  telegrams, 
Bngineerlng   and   drafting  Instruments   and 

tools, 

Bngineerlng  and  drafting  supplies,  . 
Books,  maps  and  photographic  supplies. 

Furniture  and  fixtures, 

Alterations  and  repairs  of  buildings :  — 

Main  office, 

Bub>offioes, 

Telephone,  lighting,  heating,  water  and  care 
of  buildings :  — 

Main  office, 

Sub-offices, 

Rent  and  taxes,  —  main  office,  .... 
Rent  of  sub-offices  and  other  boiidlngs,  . 

Field  offices  and  sheds, 

Clinton  office  building, 

Unclassified  supplies, 

Miscellaneous  expenses, 

Amounts  carried  forward  f 


$5,838  88 
2,804  28 
4,033  88 

488  01 

1,287  71 

228  76 

44  18 

2  41 

1,026  10 
008  00 
267  27 


$16,860  42 
11,668  41 
68,446  47 

22,317  07 

3,116  46 

m  10 

4,806  64 

006  18 

668  10 

40  22 
808  17 
866  81 

46  78 

472  32 
111  60 


2,773  66 

2,070  88 

1,800  00 

262  00 

18  80 

680  81 
620  20 


$17,604  74 


188,831  84 
$166,426  68 


$100,076  02 
44.116  11 
40,224  16 
2,860  00 
8,409  00 
8,671  98 
2,668  37 
4,188  44 
6,748  27 

9,787  94 
8,866  80 
4,288  68 


$193,107  00 

136,700  84 

046,278  78 

23,437  07 

281,866  34 

32,628  39 

26,606  16 

42,772  06 

24,707  08 

7,462  86 

10,226  73 

23,016  48 

6,860  44 

14,876  97 

13,988  86 
2,860  07 


19,868  68 
17,447  02 
11,886  76 
4,618  74 
1,274  40 
9,866  87 
8,176  68 
8,462  21 


$289,078  76 


1,877,288  70 
$2,116,812  64 
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Obnbral  Charaotxb  or  Expemditobbs. 


For  the  Year  ODdlng 
Deeembor  81, 1004. 


From  Beginning  of  Work 
to  Deoember  81 ,  1004. 


Amountt  brought /artoard, 

Oonttruction. 
PrellmiDary  work  (borlngi,  teet  plu  and  other 
Inveetlgatlons) :  ~ 

AdTertlfllng, 

Other  preliminary  work  aa  given  in  detail  In 
preeedlng  annual  report,     .... 

Contraeta,  Waehneett  Beeerrolr : « 

Contraota  completed  and  final  paymente 
made  prior  to  January  1, 1004,   . 

Bnech  Broe.,  exoavatlng  eoil,  Seet.  6,  and 
building  road,  Weat  Boylaton  and  Boyl- 
8ton,  —  $000  due,  deducted  from  eatlmate, 
September  5, 1000, 

Newell  &  SnowUng  Oonetruoilon  Co.,  exca- 
vating aoll  from  Beet.  8,  and  completing 
weaterly  portion  of  North  Dike, 

Bruno,  Balomone  9t  Petittl,  Beet.  10,  Waehn- 
eett Beeervolr,  Boylaton  and  Weat  Boyl. 
eton, 

MeArthur  Broe.  Co  ,  building  Sect.  2  of  the 
Belooation  of  Central  ICaeaaehuaetta  Rail- 
road  

The  George  U,  Atkins  Co.,  arch  bridgee  and 
abutmente  at  Oakdale,         .... 

Franeia  A.  ICcCaullff,  maaonry  arch  bridge 
at  West  Boylaton 

John  F.  liagee  &  Co.,  South  Dllce, 

McArthur  Bros.  Co.,  plaeing  riprap  on  the 
westerly  portion  of  the  North  Dike, . 

licArthur  Bros.  Co.,  Waehneett  Dam, 

Wm.  Cramp  &  Sons  Ship  and  Engine  Build- 
ing Co.,  bronze  grooves  for  Waehneett 
Dam, 

Davie  &  Famnm  Manufacturing  Co.,  cast- 
inge  for  Waehneett  Dam,    .... 

Gibby  Foundry  Co.,  caatinge  for  Wachusett 
Dam, 

Coffin  Valve  Co.,  sluice  gates  for  Wachusett 
Dam, 

Chapman  Valve  liannfactorlng  Co.,  valvee 
for  Wachusett  Dam 

Connery  &  Wentworth,  superstruotnre  of 
lower  gate-chamber  of  the  Wachusett 
Dam, 

Contracts  completed,  Wachusett  Aqueduct,   . 
Contracta  completed,  Sudbury  Reservoir, 

AmounU  carried  forward t , 


$82  00 


$126,728  22 


267,000  30 


5,786  88 


11,288  00 

118,084  46 

84,282  06 

406,628  24 

8,001  00 

1,248  07 

1,205  68 

1,087  00 

2,817  07 

66,071  20 


$166,426  68 


82  00 


1,116,067  46 


$2,116,812  M 


$0,188  55 


166,466  60 


$2,002,886  00 


$1,272,100  68 


84,560  08 


804*602  50 


424,768  56 


240,480  84 

88,628  22 

11,288  00 

118,084  46 

61,017  60 

1,428,040  48 

8,001  00 

1,248  07 

1,206  68 

7,887  00 

2,817  67 

66,071  20 


161,046  81 


4,877,822  28 
1,447,208  66 
1,646,028  33 

$10,148,010  86 
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Geheral  Character  or  Ezpekditures. 


For  the  Year  ending 
Dec«mb«r  31, 1004. 


From  Beginning  of  Work 
to  December  81, 1904. 


Amountt  brought /oruHzrd,        .       • 

Oonttrudion  —  Oon. 
Oontracte,  protection  Sndbory  Supply :  — 

Oity  of  Marlborough,  main  eewer, 
Contracts  completed,  Improving  Lake  Cochlt- 

nate, 

Contracts  completed,  protection  Cochltoate 

Supply :  — 
Town  of  Framlngbam,  low-level  sewer, 
Contracts  completed,  Rosemary  siphon, . 
Contracts  completed,  pipe  line.  Dam  No.  8  to 

Dam  No.  1, 

Contracts  completed,  Clinton  sewerage  sys- 
tem,  

Contracts,  Weston  Aqaedoot :~ 
Contracts  completed  and   final  payments 

made  prior  to  Janaary  1, 1904,  . 

T.  H.  GUI, Sect.  1, 

Shanahan,  Casparis  &  Co  ,     .       .    Sect.  2, 

Sundry  bills  paid  under  this  contract, 
Shanahan,  Casparis  &  Co.,     .       .    Beet.  8, 

Sundry  bills  paid  under  this  contract, 
Bruno,  Saloihone  &  Petittl,    .       .    Sect.  6, 
Shanahan,  Casparis  ft  Co.,     .       .    Sect.  6, 

Sundry  bills  paid  under  this  contract, 
Winston  &  Co.,       •       .      Sects.  8  and  10, 
Winston  ft  Co.,       .  .  Sect.  11, 

Shanahan,  Casparis  ft  Co.,     .       .  Sect.  IS, 

Sundry  bills  paid  under  this  contract, 
Michael  H.  Eeefe,    ....  Sect.  18, 
Columbus  Construction  Co.,  .       .  Sect.  18, 
Nawo  ft  Brock,        .  .  Sect.  14, 

Winston  ft  Co.,  ....  Sect.  16, 
Nawn  ft  Brock,  Weston  Reservoir,  Sect.  1, 
Nawn  ft  Brock,  Weston  Reservoir,  Sect.  2,. 
Dennis   F.  O'Connell,  supply   pipe   lines, 

Sect.  2 

C.  A.  Dodge  ft  Co  ,  superstructures  of  the 

head  and  meter  chambers 

Woodbury  ft  Lelgbton,  superstructures  of 

the  chaunel  and  lereen  chambers, 

Contracts  completed.  Distribution  System,     . 
Deduct  value  of  pipes,  valves,  etc.,  included 

in  above  list,  transferred  to  maintenance 

account  December  81, 1900, 

Amounts  carried  forward ^ 


-      $1,272,160  08 


9,000  00 


$28  12 

2,897  02 

8.797  44 
126  28 

0,908  06 
2,000  00 
5,268  89 

8,889  77 


12,472  79 

8,818  44 

7,000  00 

0,484  88 

81,464  88 

1,600  00 

4,740  00 

4,780  76 

90,115  61 


$10,148,016  80 

9,000  00 

60,667  45 

9,000  00 

6,916  96 

17,240  22 

66,878  22 

$866,468  02 

84,488  89 

197,646  17 

2,911  80 

122,280  42 

4,214  78 

128,220  08 

100,806  66 

6,968  06 

146,662  00 

159,892  69 

186,181  78 

8,889  77 

11,206  06 

406,046  69 

. 

60,449  04 

168,642  96 

68.778  88 

128,970  70 

71,287  87 


10,804  00 


12,484  76 


2,842,680  44 


$4,883,872  81 


3,130  77 


-      $1,877,282  24 


4,880,282  54 
$17,089,672  60 
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Obxibal  Chabactbb  or  Ezfehditubss. 


For  the  Tear  ondlog 
Dooember  31, 1004. 


Prom  BeglnnlDg  of  Work 
to  December  81, 1904. 


Amountt  broitght /ortoard, 

Ckmttructian  —  Con. 
AddlttonaJ  work:  — 

Lebor, 

Profeeeionftl  eerTloee,  medleal  eerrleee,  tauA- 

yaee,  etc., 

TrftveUiog, 

Bant, 

Water  retee 

Freight  and  expreee, 

JobbtDg  and  repairing 

TooU,  machinery,  appUaneee  and  hardware 

auppUee, 

Electrical  aappllee 

Oaattnga,  Ironwork  and  metalc, 

Iron  pipe  and  TalTee, 

Blasting  ■nppllee, 

Paint  and  coating, 

Fuel,  oil  and  waste, 

Lumber  and  field  bnlldlnga 

Drain  pipe, 

Brick,  cement  and  ctone,        .       .       .       . 

Band,  gravel  and  filling, 

Mnnldpal  and  corporation  work,  . 

Police  service 

Sanitary  inspection, 

Judgments  and  settlements  for  damages, 

Unclassified  sapplies, 

Miscellaneous  expenses 

Legal  and  expert :  — 

Legal  services, 

Expert  services, 

Court  expenses, 

Miscellaneous  expenses, 


BetU  EttaU, 

Legal  and  expert :  — 
Legal  services, . 
Ckinveyancer  and  assistants, 
Xxperu,    . 
Appraisers, 
Court  expenses, 
Counsel  expenses,    . 
Conveyancing  supplies. 
Conveyancing  expenses, 
Miscellaneous  expenses, . 

Bettlements  made  by  Board, 


Amounts  earrUd  forward , 


'      $l,8n,282  U 


$aO,S66  83 

81  00 
M7  7ft 

46  01 

1,400  82 

488  T8 

4,860  38 

44  82 

4,880  89 

2,510  98 

122  84 

174  70 

292  24 

8,609  80 

1,274  80 

6,489  84 

86  00 

102,802  04 

15,486  60 

1,206  00 

2,040  67 

2,666  07 

187  16 


$100  00 


$6,667  60 
800  00 

1,927  00 
8,416  00 

48  91 
286  72 
886  80 

101,476  26 


200,704  81 


100  00 


$118,862  19  $1,687,066  66 


$17,089,672  69 


$684,404  06 

1,608  99 
1,989  97 
8,666  78 
1,421  06 

11.888  71 
8,452  94 

71,882  94 

4,880  21 

61,115  80 

64,816  06 

1,888  48 

4,066  60 

10.889  87 
79,964  66 

8,099  48 

28,724  86 

6,887  26 

907,666  89 

202,888  88 

11,822  18 

87,294  61 

14,402  66 

8,088  28 


$4,668  82 

622  74 

909  04 

49  06 


$4,786  81 

99,888  97 

17,871  68 

21,049  09 

8,428  80 

48  26 

8,149  68 

6,717  98 

8,928  12 

8,269,816  84 


1,466,4»  08 


6,149  66 


$8,428,629  47  $18,611,161  41 
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Oknbbal  Charactbb  or  Sxpbhditubbb. 


For  the  Year  ending 
December  81,1904. 


From  Beginning  of  Work 
to  December  81, 1904. 


Amountt  brought /onoard, 

Real  EttaU — Con. 
JadgmenU, 

Texee  and  tax  eqnlTAlente,        .... 

Care  and  dlapoeal, 

Datnaget  to  Real  BttaU  not  taken,  to  Butinett 

and  on  Account  o/Lo»9  of  Waget. 
Legal  and  expert :  — 

Legal  eerrlcee, 

Expert  eervloes 

Conrt  expeneee, 

Settlementa, 

Jadgmenta, 

Claimt  on  Account  of  Dlvertion  of  Water. 
Legal  and  expert :  — 

Legal  eeryloee, 

Expert  aeryleee, 

Conrt  expeneee, 

Mlacellaneoue  expeneee, . 

BetUemente 

Jadgmenta, 

Purchaee  of  Ezitting  Water  Worke. 
Legal  and  expert :  — 

Legal  aerrleea 

Expert  aervioee, 

Court  expeneee, 

lilecellaneons  expeneee 

BetUemente  and  Judgmente 

Relocation  Central  Maetachueette  Railroad. 
Settlementa, 

Total  amonnt  of  conatructlon  expenditurea, 


$118,852  10  $1,587,086  55 


42,028  00 


6,888  41 


$787  16 

1,160  60 

88,861  66 

7,765  00 


$306  81 
1,486  25 


37,468  80 


$1,718  06 

3,788  88 

518  00 

317,820  68 


168,164  50 


48,568  42 


80,205  86 


828,790  07 
12,507  80 


.  $2,174,498  10 


$8,428,629  47  $18,511,151  42 


186,980  28 
67,017  07 
67,412  07 


$1,180  67 

1,685  06 

10.230  50 

880,867  82 

88,698  60 


$8,n4  08 

10,880  60 

10,105  60 

1,222  68 

017,850  00 

218,858  01 


$1,878  80 

4,360  61 

8,783  88 

1,470  04 

14,380,440  78 


8,605,889  74 


482,671  76 


—     1,179,151  90 


14,841,893  56 

177,507  SO 
$88,888,256  76 


Qbnbral  Chabaotbb  op  Sxpsmditubbb. 


For  the  Year  ending 
December  81, 1904. 


Maintenancb  and  Operation  of  Wobks. 
Adminlatratlon :  — 

Oommiulonere, 

Secretary,  auditor  and  aaalatante, 

Poatage,  printing,  atatlonery  and  other  aappUea, 

Travelling 

Telephone,  heating,  lighting  and  care  of  building, 

Alterationa  and  repalra  of  building, 

Bent  and  taxee,  office  building, 

Miacellaneoua  expeneee 

Amount  carried /ortoard, 


$8,600  00 
8,767  67 
1,406  02 
120  81 
822  00 
151  68 
150  00 
163  66 

$9,673  18 
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Qeniral  Chaiuctbb  or  Eicpbnditubbs. 


For  the  Tear  endtng 
DoMmber  81,  lOM. 


Amount  brought  fonoard 

Maintshancb  and  Opkration  op  Wobks—  Oon. 
Sapeirlilon  and  general  ■aperlDteodenoe :  — 

Obief  engineer  and  department  engineers 

Bngineering  and  clerical  aaalalanta, 

Postage,  printing,  stationery  and  office  supplies, 

Telephone,  heating,  lighting  and  care  of  offiees, 

Travelling  and  incidental  expenses, 

Alterations  and  repairs  of  balldtngs, 

Rent  and  taxes,  main  offloe 

Mlscellaneoas  expenses, 

Pumping  service :  — 

Labor, 

Fuel, 

Oil,  waste  and  packing 

Repairs  and  renewals, 

Small  supplies  and  expenses, 

Bent,  West  Boxbury  pumping  station, 

Superintendents  and  assistant  superintendents, 

Bngineering  assistants, 

Laboratory  force 

Sanitary  inspectors, 

Recording  and  selentidc  instruments  and  supplies, 

Labor  and  teaming, 

Tools,  machinery  and  appllanoes, 

Lumber  and  hardware  supplies, 

Jobbing  and  repairing, 

Travelling, 

Horses,  vehicles  and  stable  expenses, 

Fuel,  lighting  and  telephone, 

Municipal  and  corporation  work, 

Unolasslfled  supplies, 

Miscellaneous  expenses, 

Conveyancer  and  assistants, 

Taxes  and  tax  equivalents 

Contracts  and  agreements, 

Contracts  for  pipes,  valves,  etc.,  bought  from  construction  work  since 

January  1, 1904 

Total  expenditures  for  maintenance  and  operation,         .... 


$»,«78  18 


0,888  92 

8.001  58 
830  M 

1,060  10 

1,840  84 

840  41 

480  00 

480  04 

40,180  29 

85,847  01 

1,284  08 

848  90 

2,480  17 

776  52 

8,808  99 

18,218  21 

1,884  08 

2,779  92 

091  70 

107,066  81 

2,710  16 

8.248  79 

1.002  71 
6,224  41 
5,201  08 
8,078  62 

85  60 

11,180  66 

2,313  98 

560  00 

29.764  06 

966  00 

1,729  27 


$315,780  81 


(i)  Receipts, 

The  total  amount  of  receipts  from  rents,  sales  of  property,  etc. , 
for  the  year  beginning  January  1,  1904,  and  ending  December  31, 
1904,  is  $53,132.95,  and  the  total  amount  from  the  time  of  the 
organization  of  the  Metroi)olitan  Water  Board,  July  19,  1895,  to 
December  31,  1904,  is  $392,()52.84.  The  general  character  of  these 
receipts  is  as  follows  :  — 
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Obnsbal  Chaiuctbr  or  Rbcbzptb. 


For  the  iTear  ending 
Doeember  81, 1004. 


From  Beslnnlog  of  Work 
to  December  81, 1904. 


For  dlatrlbntlon  beek  to  District :  — 

Dletriot  entrmnoe  f^w, 

Supplying  water  ontslde  of  Dlatrlot, 
Water  furnished  to  water  oompaoles,  . 

To  the  eredlt  of  the  loan  fund :  — 
Real  estate  and  bulldlngSi      .... 
Labor,  tools,  supplies  and  reimbursements. 

To  the  credit  of  the  sinking  fund :  ~ 
Forfeiture  for  contracts  awarded  but  not 

executed, 

Bents, 

Land  products, 

Undasslfled  receipts  and  interest. 


Total  reoelpts. 


$19,818  70 
767  80 


$4,822  22 
16,771  88 


$6,848  18 
4,898  48 
1.920  19 


$20,070  60 


20,698  80 


12,482  86 


$63,182  96 


$92,286  00 
61,866  84 
88,704  08 

$19,688  48 
76,984  87 


$600  00 
81,948  16 
81,896  87 

2,818  00 


$180,826  87 


96,670  86 


118,468  12 


$892,862  84 


The  foregoing  receipts  have  been  credited  to  the  various  objects 
or  works,  as  follows  :  — 


RXCXIPTB  rROM  DlTTBRSKT  WORKB. 


For  the  Year  ending 
December  81, 1004. 


From  Beginning  of  Work 
to  December  81, 1004. 


Dlstribntlon  back  to  District :  — 

Admission  into  M etropollUn  Water  District 
(Qnincy,  Nahant,  Arlington,  Stoneham, 
Milton  and  Lexington),       .... 

Supplying  water  to  cities  and  towns  outside 
of  Water  District  (Swampscott,  Lexington 
and  Cambridge), 

Water  furnished  to  water  companieii,  . 

Construction  and  acquisition  of  works :  — 

Administration, 

Wachusett  Dam, 

Wachttsett  Reservoir 

Wachusett  Aqueduct, 

Weston  Aqueduct, 

Sudbury  Reservoir  and  waterihpd, 
''  Distribution  system, 

Diversion  of  water, CliDton  sewerage  system. 

Purchase  of  existing  water  works, 

Maintenance  and  operation  of  works :  — 

Wachusett  Aqueduct 

Wachuseit  Reservoir, 

Sudbury  system, 

Distribution  system, 

Clinton  sewerage  system,       .... 

Total  receipts 


$10,818  70 
767  80 


$12  40 

7,426  07 

2,131  82 

19  60 

11,680  48 

684  18 

1,866  63 


$617  87 
6,310  67 
1,258  84 
2,338  01 
677  18 


$20,078  60 


23,060  08 


9,007  87 


$58,132  05 


$92,286  00 


61,868  84 
38,704  08 


$18  16 
4,807  09 
104,138  25 
6,204  70 
4,813  74 
7,274  76 
64,701  74 
1,101  09 
8,501  02 


$3,060  81 
6,810  67 
8,858  03 
4,270  78 
2,193  44 


$180,826  87 


100,326  64 


21,701  48 


$392,662  84 
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(c)    Assets. 

The  following  is  an  abstract  o£  the  assets  of  the  Water  Works, 
a  complete  schedule  of  which  is  kept  on  file  in  the  office  of  the 
Board :  — 

Office  furniture,  fixtures  and  supplies ;  engineering  and  scientific  instruments  and 
supplies ;  police  supplies ;  horses,  vehicles,  field  machinery,  etc. ;  machinery, 
tools  and  other  appliances  and  supplies ;  real  estate  connected  with  works 
not  completed ;  completed  works,  including  real  estate  and  buildings  con- 
nected therewith. 

(d)    Liabilities. 
There  are  liabilities  as  follows  :  — 

Current  bills  unpaid 1 1 1*796  81* 

Due  on  monthly  pay  rolls, 3,586  51 

|15,38S  32 

Amounts  reserved  on  Monthly  EstimateSj  not  due  untU  Gompleition  of 

Contracts  or  until  Claims  are  settled. 


Namb. 


I 


Work. 


AmoQDt. 


MoArthur  Bros.  Oo.,    . 
BaMh  Broi., .... 
Bruno,  Salomone  ft  PedttI, . 
John  P.  Mageo  St  Co., . 
Oonnery  ft  Wootworth, 
P.  A.  MoCauliff,   . 
Me  Arthur  Broa.  Co.,    . 
WlnatoD  ft  Co 


Waehaaett  Dam, 

Balidlog  road,  Wacbosett  Keaarvolr 

Wachuaetk  Beaerroir,  Sect.  10, 

Sooth  Dike 

Saperatruetnre  of  the  lower  i^te  chamber,  WachuMtt  Dam, 

Maaonry  areb  bridge  at  Weat  Boylston, 

Relocation  Oentral  ICaaaaobnaetta  Bailroad,  Sect.  2, 
WestOD  Aqaedaot,  Secta.  8  aod  10, 


$80,000  00 

000  00 

26,000  00 

20.680  01 

18,002  80 

1,082  81 

10,000  00 

147  48 


$102,262  16 


Amounts  have  been  agreed  upon  in  the  following  cases,  but  the 
deeds  have  not  yet  passed  :  — 

Winthrop  Parker  et  al.j  trustees,  $425  ;  Martha  E.  Presoott,  estate 
of,  $400  ;  Edmund  F.  Brigham  et  als.,  $400  ;  Bertram  A.  Bancroft, 
$115;  Lucy  White,  $250;  Pratt  &  Inman,  $48;  Charles  F.  C. 
Henderson,  $800;  Kayajan  Serabian,  $130;  Anna  M.  Bennett, 
$160;  P.  Arvid  Lundgren,  $745  ;  Walter  E.  Reeves,  $845. 

On  the  claims  of  the  following  it  is  impossible  to  state  the 
amounts  due  for  land  damages  and  water  rights,  as  no  sums  have 
been  agreed  upon,  and  suits  are  now  pending  in  the  courts  for  the 
determination  of  most  of  them  :  — 


*  tf Iscellaoeoat  current  blUa  of  1901,  Inclndlog  thoae  coming  In  from  time  to  time,  after  January  I, 
1006,  have  ainee  been  paid. 
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Charles  L.  Johnson,  Charles  B.  Sawin,  city  of  Maiden,  balance, 
city  of  Medford,  balance,  city  of  Melrose,  balance,  Emory  A.  Bacon, 
James  Dorr,  Framingham  Water  Company,  Charles  W.  Felt,  town 
of  West  Boylston,  Eliza  M.  Childs  et  ah,  Charles  J.  Paine,  George 
H.  Thompson,  Benjamin  W.  Clemmons,  town  of  Framingham, 
Henry  S.  Milton  et  a?.,  trustees,  Marion  Preston,  George  A.  Ward 
et  al.j  Edward  Dooley,  Harry  Dutton  et  al.,  Charles  A.  Warren, 
Ida  M.  Tay,  William  Dwyer. 

V.     SEWERAGE  WORKS  — CONSTRUCTION. 

The  Metropolitan  Sewerage  Works  provide  for  the  sewage  of 
areas  amounting  to  193  square  miles,  including  the  whole  or  parts 
of  25  cities  and  towns  in  the  Metropolitan  District.  The  works  are 
•  embraced  in  two  systems :  the  North  Metropolitan  System,  which 
provides  for  the  district  situated  largely  in  the  Charles  River  and 
Mystic  River  valleys,  lying  north  of  the  Charles  River,  and  whose 
sewage  is  carried  to  Deer  Island  and  thence  emptied  into  Boston 
harbor;  and  the  South  Metropolitan  System,  which  provides  for  the 
sewage  of  the  portion  of  the  Charles  River  valley  lying  south  of  the 
Charles  River,  as  well  as  the  city  of  Waltham  and  the  town  of 
Watertown,  situated  on  the  north  side  of  the  river,  and  also  for  a 
portion  of  the  Neponset  River  valley  and  the  city  of  Quincy,  and 
having  its  outlet,  by  the  recently  completed  High-level  Sewer,  also 
into  Boston  harbor. 

Within  these  areas  have  been  laid  95.55  miles  of  main  sewers,  87 
miles  of  which  were  constructed  fcy  the  Metropolitan  boards,  and 
8.79  miles  were  purchased  from  the  cities  and  towns.  These  areas 
remain  the  same  as  last  year,  and  are  more  particularly  described  in 
the  report  of  the  Engineer  of  the  Sewerage  Works,  which  follows. 

The  amount  expended  during  the  past  year  on  account  of  the 
Sewerage  Works  was  $829,941.92,  of  which  $184,655.82  was  ex- 
pended on  the  North  Metropolitan  System  and  $645,286.10  on  the 
South  Metropolitan  System. 

The  total  cost  of  the  Metropolitan  sewers,  including  6  pumping 
stations  and  other  structures  used  in  connection  therewith,  has  been 
$13,666,832.38 ;  and  of  this  total  there  is  charged  to  the  North 
Metropolitan  System  $6,086,569.91,  and  to  the  South  Metropolitan 
System  $7,580,262.47. 
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(1)  North  Metropolitan  System. 

The  extension  of  the  North  Metropolitan  Sewer  through  the  city 
of  Chelsea  to  the  town  of  Revere,  and  the  extension  of  the  Oam- 
bridge  branch  of  the  sewer  to  the  town  of  Belmont,  both  begun  in 
the  year  1903,  have  been  constructed,  and  all  sewers  so  far  author- 
ized upon  this  system  have  been  completed. 

Owing  to  peculiar  difficulties  in  the  construction  of  the  Revere 
extension,  resulting  from  the  presence  of  quicksand,  the  peculiar 
clay  and  silt  formation  in  the  tunnels,  and  the  necessity  of  crossing 
Mill  Creek,  it  was  deemed  expedient  to  proceed  with  the  construc- 
tion of  the  sewer  by  day  labor.  This  sewer  has  a  total  length  of 
7,312  feet,  with  substantial  diameters  of  54  and  48  inches  except  at 
the  Mill  Creek  crossing,  where  36-inch  cast-iron  pipes  have  been 
laid.  The  total  cost  of  the  sewer  was  $214,451.71.  This  extension 
was  completed  and  opened  for  service  on  October  8. 

The  sewer  built  through  portions  of  the  city  of  Cambridge  to  the 
town  of  Belmont  was  completed  under  contract,  on  July  20.  It  has 
a  length  of  6,358  feet,  and,  though  built  in  sections  somewhat  dif- 
ferent from  each  other,  has  a  substantial  diameter  of  25  inches.  The 
expenditures  for  this  sewer  to  date  have  amounted  to  $56,550.69. 
There  are  remaining  unpaid  some  small  claims  for  land  damages. 

(2)  South  Metropolitan  System. 

The  work  of  construction  on  the  South  Metropolitan  System  has 
consisted  principally  of  the  completion  of  the  High-level  Sewer. 
The  sewer  proper  had  been  chiefly  built  before  the  beginning  of  the 
year,  and  considerable  progress  had  been  made  in  the  erection  of  the 
necessary  structures.  During  the  year  the  larger  portion  of  one  of 
the  two  outfall  pipes  in  the  harbor,  which  remained  to  be  placed, 
has  been  laid ;  the  superstructure  of  the  screen-chamber  and  sand- 
catcher  on  Nut  Island  has  been  erected  ;  the  Ward  Street  pumping 
station  has  been  finished,  and  the  pumps,  engines  and  boilers  have 
been  installed ;  the  necessary  connections  between  the  High-level 
Sewer  and  the  Charles  River  valley  and  the  Neponset  valley  sewers 
have  been  made ;  and  the  various  unfinished  portions  of  the  sewer 
have  been  completed. 

The  Ward  Street  pumping  station  was  put  in  opeiution  and  the 
High-level  Sewer  was  opened  for  service  on  October  14,  since  which 
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date  the  sewage  from  the  portion  of  the  Charles  River  valley  above 
Yancoaver  Street  has  been  pumped  and  discharged  through  the 
sewer  from  the  outfall  into  the  harbor. 

Connection  was  made  with  the  Neponset  River  valley  sewer,  at 
the  junction  of  the  sewers  in  Hyde  Park,  on  November  22,  and 
since  that  date  the  sewage  from  the  Neponset  River  valley  system 
above  that  point  has  also  been  discharged  through  the  High-level 
Sewer. 

But  little  more  remains  to  be  done  for  the  entire  completion  of 
the  High-level  Sewer.  The  chief  work  required  is  the  laying  of  a 
force  main  in  Quincy,  for  the  purpose  of  connecting  the  Quincy 
pumping  station  with  the  sewer ;  and  this  work  will  be  begun  as 
early  as  practicable  in  the  coming  season  and  will  probably  be  per- 
formed by  the  employes  in  the  maintenance  department.  Until  this 
is  finished  the  sewage  from  that  station  will  continue  to  be  disposed 
of  through  the  Moon  Island  outfall  of  the  city  of  Boston. 

The  final  grading  of  the  grounds  about  the  Ward  Street  station 
and  also  about  the  screen-chamber  at  Nut  Island  has  necessarily 
been  deferred  until  the  coming  season. 

A  small  portion  of  the  territory  in  the  Back  Bay  district  of  Bos- 
ton, situated  below  Vancouver  Street,  is  still  unconnected  with  the 
High-level  Sewer ;  and  the  making  of  this  connection  is  awaiting 
arrangements  which  may  be  effected  with  the  city  of  Boston  for  the 
mutual  advantage  of  that  city  and  of  the  Commonwealth,  which 
will  probably  be  determined  early  in  the  coming  year.  It  is  not 
proposed  at  present  to  discharge  the  sewage  of  small  portions  of 
Dorchester  and  Milton,  included  in  the  Neponset  valley  system  with 
the  High-level  Sewer,  as  the  areas  are  too  low  for  sewage  to  be 
delivered  into  the  High-level  Sewer  without  pumping.  Satisfac- 
tory arrangements  for  the  disposal  of  the  sewage  of  these  small 
sections,  which  are  not  provided  for  by  the  High-level  Sewer,  have 
been  made  with  the  city  of  Boston. 

The  expenditures  for  the  High-level  Sewer  up  to  the  present 
date  have  been  $5,876,751.94.  The  appropriations  for  the  sewer 
amounted  to  $5,981,000.  The  work  to  be  done,  which  is  com- 
paratively small  in  amount,  will  undoubtedly  be  accomplished 
within  the  appropriations. 

The  High-level  Sewer,  which  has  now  been  substantially  com- 
pleted, extends  from  near  Ward  Street  in  the  city  of  Boston  through 
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portions  of  that  city  and  through  the  towns  of  Hyde  Park  and  Mil- 
ton and  the  city  of  Quincy  to  Nut  Island,  a  distance  of  16.83  miles. 
Of  the  total  length,  12.75  miles  are  constructed  in  open  trench  and 
4.08  miles  in  tunnel.  From  Nut  Island  the  sewage  is  conveyed 
through  two  submarine  60-inch  cast-iron  pipes  to  points  in  the  har- 
bor, each  a  little  more  than  one  mile  beyond  the  low-water  mark, 
where  outfalls  have  been  built.  The  sewer  has  a  capacity  for  the 
daily  discharge  of  300,000,000  gallons  of  sewage. 

Nut  Island  has  been  graded,  and  the  soil  removed  was  used  prin- 
cipally in  the  construction  of  the  embankment  upon  the  bar  con- 
necting Nut  Island  with  Hough's  Neck  in  Quincy.  A  building, 
principally  of  brick,  about  78  feet  long,  60  feet  wide  and  40  feet  in 
height,  with  a  chimney  100  feet  high,  has  been  built  upon  the  island. 
This  building  embraces  a  screen-chamber,  where  practically  all  the 
objectionable  solid  matters  in  the  sewage  will  be  intercepted,  and  a 
boiler  room  with  boilers,  which  will  provide  the  necessary  steam  for 
heating  the  building  and  operating  the  small  engines  for  moving 
the  screens.  Approaching  the  building  the  sewer  section  has  been 
considerably  enlarged,  so  as  to  deposit  sand  which  follows  along 
the  sewer.  The  solid  matters  intercepted  at  the  screens  will  be 
burned  in  the  boilers,  and  the  arrangements  are  such  that  t^e 
sand  may  be  removed  from  the  sand-catcher  before  entering  the 
outfall  pipes. 

The  Ward  Street  pumping  station  includes  an  engine  house  about 
65  by  120  feet,  and  a  boiler  room  and  accessories  about  38  by  105 
feet.  The  height  of  the  engine  house  is  about  55  feet.  It  is  con- 
structed of  brick,  with  gitinite  trimmings.  Two  pumping  engines 
have  been  installed,  each  having  a  daily  capacity  for  pumping 
50,000,000  gallons.  The  station  is  also  equipped  with  the  neces- 
sary boilers,  screens  and  other  machinery. 

(3)  Purchases  and  Takings  of  Land. 

Only  one  taking,  required  for  the  purpose  of  the  Quincy  force 
main,  has  been  made  for  the  Metropolitan  Sewerage  Works  during 
the  year,  being  of  easements  in  1.68  acres,  of  which  .89  acre  was 
in  a  street. 


^w 
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List  of  Takings  for  Metropolitan  Sewerage  Works  for  the  Year  1904. 


Ko. 

Location  and  Dbscription. 

Former  Owners. 

Recorded. 

Purpose  of  Taking. 

11 

QulDcy  (from  Greenleaf  Street  north- 
erly through  Park  Lane  to  the  east- 
erly line  of  the  Metropolitan  Park 
Reaervatloo,  then  from  the  weaterlv 
line   of    the    Reservation    through 
Merrymount  Park,  to  the   Quincy 
pumping  elation).    Area,  easemeniH 
in  1.68acrea. 

City  of  Quincy  e<  a  ^ 

1904. 

Jan.    27. 

High-level     Sewer 
(Quincy  force  main). 

Since  January  1,  1904,  settlements  have  been  effected  on  account 
of  the  takings  made  in  the  North  Metropolitan  District  in  three 
cases,  involving  a  payment  of  $1,550;  and  in  cases  in  the  South 
Metropolitan  District  two  settlements  have  been  effected,  under 
which  payments  have  been  made  amounting  to  $4,398.22. 

Summary  of  Land  Settlements  for  the  Year  1904 


LOOATIOH. 


Area  in 
Acres. 


Nnmber  of 
Settlements. 


Payments. 


North  Metropolitan  District, 
Cambridge, 

Total, 

8outh  Metropolitan  District. 
Quincy, 

Total,  ...... 

Aggregate 


0.256 

3 

0.256 
0.865 

S 

2 

0.865 
1.121 

2 
5 

1 1,550  00 
11,550  00 

t4,398  22 

t4,398  22 

5,948  22 


VI.    SEWERAGE   WORKS  — MAINTENANCE. 
(1)  North  Metropolitan  System. 

The  maintenance  of  the  North  Metropolitan  System  involves  the 
care  of  58.004  miles  of  Metropolitan  main  sewers,  into  which  is 
received  the  sewage  of  the  different  municipalities  of  the  District 
through  558.18  miles  of  local  sewers,  having  58,987  connections. 
There  are  maintained  for  this  system  four  pumping  stations,  —  the 
Alewife  Brook  pumping  station  at  Somerville,  the  Charlestown 
pumping  station,  the  East  Boston  pumping  station  and  the  Deer 
Island  pumping  station.  The  total  number  of  gallons  of  sewage 
pumped  during  the  year  has  been  53,739,119,000.     The  population 
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of  the  various  municipalities  and  parts  of  municipalities  embraced  in 
the  North  Metropolitan  District  is  estimated  at  494,500,  of  which  it 
is  estimated  that  a  population  of  387,327  is  directly  contributing 
sewage.  The  sewers  in  12  of  the  municipalities  are  separate  sewers, 
in  5  municipalities  separate  and  combined  sewers,  and  in  one  munic- 
ipality combined  sewers  only. 

The  avemge  cost  of  pumping  per  million  gallons  raised  1  foot, 
including  labor  at  the  screens,  was  $0,349  at  the  Alewife  Brook  sta- 
tion, $0,159  at  the  Charlestown  station,  $0,065  at  the  East  Boston 
station  and  $0,094  at  the  Deer  Island  station. 

During  the  past  year  the  wharf  at  Deer  Island  has  been  largely 
renewed,  the  water  pipes  at  the  station  have  been  extended  so  as  to 
provide  additional  fire  protection  for  the  dwelling  houses  and  lock- 
ers, and  considemble  riprap  has  been  deposited  on  the  Deer  Island 
bar  over  the  line  of  the  out&U  sewer.  Considerable  repairs  have 
been  required  at  the  ends  of  the  Maiden  River  siphon  and  in  the  em- 
bankment across  the  marsh.  Necessary  changes  have  been  made  by 
which  the  old  Mystic  valley  sewer  in  Winchester  has  been  relieved. 

The  expenditures  for  maintenance  of  the  North  Metropolitan  Sys- 
tem for  the  year  have  amounted  to  $112,047.98. 

(2)  South  Metropolitan  System. 

The  Metropolitan  sewers  in  the  South  Metropolitan  System  have 
a  total  length  of. 37.548  miles,  and  these  receive  the  sewage  of  the 
District  through  406.32  miles  of  local  sewers,  having  20,117  con- 
nections. 

The  Ward  Street  pumping  station,  the  Quincy  pumping  station 
and  the  screen-house  and  sand-catcher  at  Nut  Island  are  also  main- 
tained for  this  system.  The  number  of  gallons  of  sewage  pumped 
during  the  year  at  the  Quincy  pumping  station  has  been  1,338,- 
810,000,  and  at  the  Ward  Street  pumping  station,  from  October  14 
to  the  end  of  the  year,  1,002,900,000.  The  population  of  the 
various  municipalities  and  parts  of  municipalities  embraced  in  the 
South  MetropoKtan  District  is  estimated  at  318,300,  and  of  this 
population  it  is  estimated  that  147,761  are  now  directly  contributing 
sewage.  Of  the  municipalities  in  the  District,  7  have  separate  sewers 
and  5  separate  and  combined  sewers. 

The  average  cost  of  pumping  per  million  gallons  raised  1  foot, 
including  labor  at  the  screens,  was  $0,151  at  the  Quincy  station. 
Owing  to  the  short  time  during  which  the  Ward  Street  station  has 
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been  in  operation,  the  statistics  regarding  the  cost  of  pumping  at  this 
station  are  not  available. 

Considerable  work  will  be  required  from  the  maintenance  depart- 
ment on  account  of  the  recent  completion  of  the  High-level  Sewer, 
the  Ward  Street  pumping  station  and  the  screen-house  at  Nut  Island, 
in  equipping  these  works  for  regular  operation. 

The  sum  of  $139,640.88  has  been  expended  during  the  year  for 
the  maintenance  of  the  South  Metropolitan  System. 

VII.     SEWERAGE  WORKS  —  FINANCIAL   STATEMENT. 

(1)  Construction  Loans  and  Receipts. 

The  appropriations  for  the  construction  of  the  Metropolitan 
Sewerage  Works,  the  receipts  which  are  added  to  the  appropriations, 
and  the  expenditures  for  construction,  have  beea  as  foUo.ws  :  — 

(a)  North  Metropolitan  System. 

Appropriations  under  various  acts  of  the  Legislature  (given  in 

detail  in  report  for  the  year  1901), f 5,605,865  73 

Appropriations  under  chapters  242,  336  and  399,  Acts  of  1903,         .       500,000  00 
Proceeds  from  sales  of  property  and  from  other  sources  to  Decem- 
ber 31,  1904, 17,023  53 

16,122,889  26 
Amount  approved  by  the  Metropolitan  Sewerage  Commission  and 

the  Metropolitan  Water  and  Sewerage  Board  for  payment  to 

December  31, 1904  (of  which  $184,655.82  is  for  the  year  1904),  .    6,086,569  91 

Balance,  North  Metropolitan  System,  January  1, 1905,      .        .       f  36,3 19  35 

(6)   South  Metropolitan  System. 

Charles  River  Valley  Sewer, 

Appropriations  under  the  Acts  of  the  years  1889  and 

1900 -         1800,046  27 

Amount  approved  by  the  Metropolitan  Sewerage 

Commission  for  payment  to  December  31, 1904,    .      f 800,046  27 

Neponset  River  Valley  Sewer, 

Appropriations  under  various  acts  of  the  Legislature 

(given  in  detail  in  report  for  the  year  1901), .        .  -  900,000  00 

Appropriation,  chapter  315,  Acts  of  1903,  ...  -  4,000  00 

Proceeds  from  pumping  ground  water,      ...  -  109  50 

Amount  approved  by  the  Metropolitan  Sewerage 

Commission    and   the    Metropolitan  Water   and 

Sewerage  Board  for  payment  to  December  31, 1904 

(of  which  1150  is  for  the  year  1904),      .        .  903,464  26 
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High'level  Sewer. 

Appropriation  under  chapter  424  of  the  Acts  of  1899, 
ori^nalloan, 

Appropriation,  chapter  856  of  the  Acts  of  1903, 

Appropriations,  chapters  230  and  246  of  the  Acts  of 
1904 

Proceeds  from  sales  of  property  to  December  31, 1904 
(of  which  f  2,722.68  is  for  the  year  1904), '     .        . 

Amount  approved  by  the  Metropolitan  Sewerage 
Commission  and  the  Metropolitan  Water  and 
Sewerage  Board  for  payment  to  December  31, 1904 
(of  which  1645,136.10  is  for  the  year  1904),  .        .   f5,876,751  94 


$4,600,000  00 
996,000  00 

392,000  00 

5,868  49 
17,698,024  26 


7,580,262  47 


Balance  South  Metropolitan  System,  January  1 , 

1905 1117,761  79 

(c)  3Ietropolitan  Seicerac/e  Loans  Sinking  Fund. 

Under  authority  of  chapter  122  of  the  Acts  of  1899,  and  section 
14  of  chapter  424  of  the  Acts  of  1899,  the  Treasurer  of  the  Com- 
monwealth was  required  to  consolidate  the  sinking  funds  of  all  the 
Metropolitan  sewerage  loans  into  one  fund,  to  be  known  as  the 
Metropolitan  Sewerage  Loans  Sinking  Fund. 

The  sinking  fund  as  thus  established  has  amounted  at  the  end  of 
each  year  to  sums  as  follows  :  — 


December  31,  1899, 
December  31,  1900, 
December  31, 1901, 


fd61,416  59 
454,520  57 
545,668  26 


December  31, 1902, 
December  81, 1903, 
December  31,  1904, 


636,084  04 
754,690  41 
878,557  12 


(2)  Annual  Appropriations  and  Receipts. 

The  annual  appropriations  for  the  maintenance  of  the  Metropoli- 
tan Sewerage  Works,  the  receipts  of  the  Board  which  are  added  to 
the  appropriations  for  maintenance,  and  the  expenditures  for  main- 
tenance for  the   year   ending   December   31,   1904,  have  been  as 

follows :  — 

North  MetropolUan  System. 

Balance  January  1, 1904, 

Appropriation  under  chapter  62  of  the  Acts  of  1904, 

Receipts  from  pumping  and  from  other  sources,       .... 


19.777  68 

123,000  00 

863  62 


Amount  approved  by  the  Board  for  payment, 


•133,641  20 
112,047  98 


Balance  January  1, 1905, |21,593  22 
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South  Metropolitan  System. 

Balance  January  1, 1904, $6,022  06 

Appropriation  under  chapter  60  of  the  Acts  of  1904,  135,000  00 

Receipts  from  sales  of  property  and  from  pumping,         ...  29  30 

f  140,051  36 
Amount  approved  by  the  Board  for  payment, 139,640  88 

Balance  January  1, 1905, 1410  48 

The  Board  has  also  received,  from  rentals  and  from  other  sources, 
to  be  applied  by  the  Treasurer  of  the  Commonwealth  to  the  Metro- 
politan Sewerage  Loans  Sinking  Fund  requirements,  $75. 


(3)  Annual  Assessments. 

The  amounts  assessed  by  the  State  Treasurer  upon  the  cities  and 
towns  of  the  Metropolitan  Sewerage  Districts,  to  meet  interest  and 
sinking  fund  requirements  and  to  defray  the  cost  of  maintenance 
and  operation  of  works,  in  accordance  with  the  ratios  determined 
by  the  apportionment  commissioners  appointed  under  chapter  439 
of  the  Acts  of  the  year  1889  and  chapter  424  of  the  Acts  of  the 
year  1899,*  are  as  follows  :  — 


North  Metropolitan  Sewerage  System, 


Arlington, 

f8,091  81 

Somerville, 

t50,404  54 

Belmont, . 

4,642  06 

Stoneham, 

4,962  06 

Boston,    . 

64,732  13 

Wakefield,       . 

7,652  70 

Cambridge, 

86,891  58 

V\  inchester,     . 

7,730  03 

Chelsea,  .        .        .        . 

24,449  79 

Winthrop, 

5,991  95 

Everett,   . 

18,355  96 

V\  obum, .        .        .        . 

10,712  66 

Lexington, 

2,483  43 

Revere,    . 

9,301  51 

Maiden,  .        .        .        . 
Medford, . 

28,884  84 
17,918  64 

Total, 

f  364,949  84 

Melrose,  .        .        .        . 

11,744  15 

So 

uth  Metropolitan  Sewerage  Systefin, 

Boston,    .        .        .        . 

fl54,201  46 

Quincy,    .        .        .        . 

•24,698  31 

Brookline, 

58.933  77 

VValtham, 

25.189  36 

Dedham,f 

8,890  48 

Watertown, 

11.114  29 

Hyde  Park,      . 

13,472  36 

( 

Milton 

16,574  30 

Total, 

1360,696  29 

Newton,  .        .        .        . 

52,621  96 

*  GlTen  in  previona  reports. 
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(4)  Expenditures  for  the  Different  Works. 
The  following  is  a  summary  of  the  expenditures  made  in  the 
various  operatioQS  for  the  difierent  works  :  — 


loD<»«ib«i],igM. 

s.x;i,rs."-"."".-'H'-.  .- 

•t.U«TO 

•l,tU,S»ST 

Toul  Honli  UxropotlUD  8f  Mtoi,     .       . 

•  IB4,B&t  S3 

•S.OM.tM  ftl 

TM.1 

•  IWM 

•lOI.DM  M 

T«,1»»M 

B<«UoDU,Sulo«y 

l.TU  W 

SHtlon  11,  RuibaCf ,  Ward  Btnal  pDmplng 

t.ili  *a 

«<i.lM  ID 

Toiil 

' 

•M»,tH  10 

t7,ttO,S«« 

•sn^iM 

(1I,«W,SK1  S» 
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Maiktbxaivos. 

For  YoMT  ending 
December  81. 1004. 

From  Beginning 

of  Work  to 
December  81, 1004. 

North  M«iropollUD  Byttem 

Bottib  M«tropotttan  Byttem, 

$111,047  08 
180,640  88 

$806,802  40 
T00,280  27 

Total  for  uudntenanoe,  both  tyitenit, 

$261,888  86 

$1,085,642  07 

(5)  Detailed  Financial  Statement. 

The  Board  herewith  presents,  in  accordance  with  the  Metropolitan 

Sewerage  Acts,  an  abstract  of  the  expenditures  and  disbursements, 

receipts,  assets  and  liabilities  for  the  year  ending  December  31, 

1904 :  — 

(a)  Expenditures  and  Disburse^nents. 


Obmksal  CHARAOnn  or  ExpurDiruBie. 


For  Year  endfaig 

December  81, 

1904. 


North  Metropolitan  System —  Construction. 

Commissioners, 

Secretary,  engineer  and  auditor, 

Clerical  services, 

Rent  of  office,  Ashbarton  Place, 

Engineering  supplies, 

Office  supplies, 

Engineers,  inspectors,  rodmen,  laborers  and  others,     . 
Postage,  telephone  and  tele^ptms,        .... 
Books,  maps,  plans,  blue  prints  and  photography. 
Carriage  hire  and  travelling  expenses. 

Teaming  and  express, 

Tools  and  repairs  of  same, 

Brick,  cement,  lumber  and  other  field  supplies,    . 
Contracts :  — 

Jones  &  Meehan,  old, 

Revere  Extension :  — 

Mayo  Gontractiuff  Co.,  Sects.  61  and  62, 

Charles  A.  Haskin,  Sects.  61  and  62,      .        .        . 
Belmont  Extension :  — 

6ow  &  Palmer,  Sect.  63, 

Land  takings,  purchase  and  recording, .... 
Experts  and  appraisers, 

Total, 

Neponaet  River  Valley  Sewer  —  Construction. 
Contracts :  — 

Edw.  W.  Everson,  old, 

Brookline  branch :  — 
Experts  and  appraisers, 

Total, 


f  1,166  66 
696  83 
746  33 
600  00 
134  41 
148  71 

62,623  28 
419  40 
38  96 
866  83 
197  96 
201  09 

43,346  71 

82  00 

9,400  07 
37,191  68 

20,276  30 

7,219  72 

66  00 


•184,666  82 


160  00 
100  00 


f 160  00 
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Obvxbal  Cbabaotbs  ot  Expubitdbbs. 


For  Year  endlnf 
December  81, 

1904. 


High-level  Sewer —  Construction, 

Commissioners, 

Secretary,  engineer  and  auditor, 

Clerical  services, 

Engineers,  inspectors,  rodmen,  laborers  and  others,     . 

Advertising,    .        .        .  ^ 

Office  supplies,       .        .  * 

Postage,  telephone  and  telegrams,         ...  .        . 

Books,  maps,  plans,  blue  prints  and  photography. 
Engineering  instruments  and  repairs  of  same,     .... 

Engineering  supplies, 

Carriage  hire  and  travelling  expenses, 

Repairs,  fittings  and  supplies,  main  office, 

Rent  of  office,  Pemberton  Building, 

Rent  of  office,  Ashburton  Place, 

Rent  of  wharf,  Quincy, 

Teaming  and  express, 

Brick,  cement,  lumber  and  other  field  supplies,    .        .        .        . 

Tools  and  repairs  of  same, 

Contracts :  — 

Hiram  W.  Phillips,  Sect.  43 

Camden  Iron  Works,  Sect.  48 

Edward  Kendall  &  Sons,  Sect.  44, 

Lockwood  Manufacturing  Co.,  Sect  44, 

Wm.  H.  Ellis,  Sect.  44, 

Woodbury  &  Leighton  Co.,  Sect.  44, 

Wm.  H.  Ellis,  Sect.  46 

Chas  6.  Belden  &  Co.,  Sect.  48, 

Joseph  J.  Moebs,  Sect  48, 

Chas.  G  Belden  &  Co.,  Sect  49, 

E.  W.  Everson  &  Co  ,  Sect  62, 

H.  P.  Nawn,  Sect.  73  (part), 

£.  W.  Everson  &  Co.,  Sect.  75  (part), 

H.  P.  Nawn,  Sect.  76, 

L.  P.  Soule  &  Son,  Sect  77,  building, 

Allis-Chalmers  Co.,  Sect  77,  pumps, 

Lockwood  Manufacturing  Co.,  Sect  77, 

Camden  Iron  Works,  Quincy  force  main, 

Land  takings,  purchase  and  recording, 

Experts  and  appraisers, 

Le^al  services, 

Claims  and  allowances  on  contracts, 

Total, 

North  Metropolitan  System —  Maintenance. 
Administration :  — 
Commissioners,  secretary,  auditor  and  assistants,     . 
Postage,  printing,  stationery  and  office  supplies. 
Rent,  telephone,  heating,  lighting  and  care  of  offices, 
Miscellaneous  expenses, 

Amount  carried  forward^ 


f  1,166  67 

8.512  49 
1,236  33 

49,224  80 

13  88 

150  07 

439  17 

199  82 
5  50 

440  31 
1,218  99 

699  94 
2,812  50 

486  40 

1,000  00 

1,127  23 

43,590  02 

1,108  79 

94,716  96 

56,091  28 

6,815  00 

10,982  70 

38,605  77 

28,440  00 

4,922  53 

39,748  85 

7,113  55 

4,312  58 

100  00 

604  12 

2,648  88 

7,991  23 

57,375  15 

153,000  00 

9.513  20 
7,291  67 
4,569  50 

960  00 

200  72 
6,250  00 


f  645,136  10 


•2,507  85 

27  18 

279  09 

666  44 


fS,480  56 
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Gbmbial  Chabactbs  op  Expbvdituus. 


For  Year  •nding 

December  81, 

1904. 


Amount  brought  forward^ 

North  Metropolitan  System  —  Maintenance  —  Concluded. 
General  superintendence :  — 

Engineer  and  assistants, 

Postage,  printing,  stationery  and  office  supplies, 

Kent,  telephone,  neating,  lighting  and  care  of  offices. 

Miscellaneous  expenses, r        .        . 

Deer  Island  pumping  station :  — 

Labor, 

Coal, 

Oil  and  waste, 

Water, 

Repairs  and  renewals, 

Telephones  and  office  supplies, 

Care  and  repairs  of  bullaing  and  grounds,  electric  light  plant 

and  miscellaneous  expenses, 

East  Boston  pumping  station :  — 

Labor, 

Coal, 

Oil  and  waste, 

Water 

Packing, 

Repairs  and  renewals, 

Telephones  and  office  supplies, ....... 

Care  and  repairs  of  building  and  grounds^  electric  light  plant 

and  miscellaneous  expenses, 

Charlestown  pumping  station :  — 

Labor, 

Coal, 

Oil  and  waste, 

Water, 

Packing, 

Repairs  and  renewals, 

Telephones  and  office  supplies, 

Care  and  repairs  of  building  and  grounds,  electric  light  plant 

and  miscellaneous  expenses, 

Alewife  Brook  pumping  station :  — 

Labor, 

Coal, 

Oil  and  waste, 

Water, 

Packing, 

Repairs  and  renewals, 

Telephones  and  office  supplies, 

Care  and  repairs  of  building  and  grounds,  electric  light  plant 

and  miscellaneous  expenses, 

Sewer  lines,  labor, 

Supplies  and  expenses, 

Horses,  vehicles  and  stable  account, 

Total, 


•8,480  56 


4,110  12 

83  31 

476  20 

292  56 


11,296  50 

8,863  16 

444  42 

1,209  60 

72  80 

486  94 

337  66 

3,388  94 

10,481  68 

9,248  14 

335  04 

940  80 

U  78 

312  99 

303  87 

2,751  76 

10,326  04 

4,103  91 

329  87 

410  40 

76  77 

235  92 

317  46 

2,263  72 

3,346  13 
1,705  61 
124  75 
242  40 
19  77 
216  56 
160  87 

808  24 

17,512  86 

6,768  84 

4,199  53 


•112,047  98 
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ObMBBAL  ChABACTKB  of  EXPBXDITOBtS. 


For  Tear  ending 

Deoember  81, 

190i. 


South  MttropolUan  System  —  Maintenance, 
Administratioii :  — 

CommissioDers,  secretary,  auditor  and  assistants, 

Postage,  printing,  stationery  and  office  supplies. 

Rent,  telephone,  heating,  lighting  and  oare  of  building,  . 

Miscellaneous  expenses, 

General  superintendence :  — 

Engineer  and  assistants,  • 

Postage,  printing,  stationery  and  office  supplies, 

Rent,  telephone,  heating,  lighting  and  care  of  offices. 

Miscellaneous  expenses, 

Sewer  lines,  labor, 

Supplies  and  expenses, 

City  of  Boston,  for  pumping  and  interest,     .... 
Quincy  pumping  station :  — 

Labor, 

Coal 

Oil  and  waste, 

Water, 

Packing, 

Repairs  and  renewals, 

Telephones  and  office  supplies, 

Care  and  repairs  of  building  and  grounds,  lighting  and  mis- 
cellaneous expenses, 

CitT  of  Boston,  for  discharge  of  sewage, 

Ward  Street  pumping  station :  — 

Labor, 

Coal, 

Oil  and  waste, 

Water, 

Packing, 

Repairs  and  renewals, 

Telephones  and  office  supplies, 

Care  of  building  and  grounds,  lighting  and  miscellaneous  ex- 
penses,      

Nut  Island  screen-house :  — 

Labor, 

Coal 

Oil  and  waste, 

Packing, 

Telephones  and  office  supplies, 

Care  of  building  and  grounds,  lighting  and  miscellaneous  ex- 
penses,      

Horses,  vehicles  and  stable  account, 

Total, 


f  2,913  67 

106  47 

1,008  46 

680  41 

2.188  67 
46  4S 

1,064  87 

17  60 

14,192  86 

6,801  68 
86,196  24 

8,887  42 

2,461  89 

44  60 

248  70 

89  84 

241  18 

228  06 

348  61 
1,000  00 

4,794  89 

2.189  84 
402  69 
126  00 
108  48 

70  76 
97  IS 

2,620  47 

1,180  74 

1,086  60 

81  60 

16  76 

168  99 

1,229  81 
8,617  83 


f  189,640  88 


(6)   Receipts. 

The  receipts  from  the  sales  of  property,  from  rents  and  from  other 
sources,  have  been  credited  as  follows  :  — 
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For  Year  ending 

December  SI, 

1904. 

From  Beglunlnfc  of 

Work  to  December 

31, 1904. 

North  Metropolilan  System, —  construction. 
South  Metropolitan  System,  —  construction. 
North  Metropolitan  System,  —  maintenance. 
South  Metropolitan  System,—  maintenance. 
Metropolitan  Sewerage  Loans  Sinking  Fund, 

1496  80 

2,722  68 

863  62 

29  30 

75  00 

#17,023  53 

5,977  99 

5,355  53 

141  86 

760  20 

Totals, 

14,187  40 

f29,259  11 

(c)  Assets. 

The  following  is  an  abstract  of  the  assets  of  the  Sewerage  Works, 
a  complete  schedule  of  which  is  kept  on  file  in  the  office  of  the 
Board :  — 

Office  furniture,  fixtures  and  supplies;  engineering  and  scientific  instruments 
and  supplies ;  horses,  vehicles,  field  machinery,  etc. ;  machinery,  tools  and 
other  appliances  and  supplies ;  real  estate  connected  with  works  not  com- 
pleted ;  completed  works,  including  real  estate  connected  therewith. 

{d)  Liabilities, 
There  are  liabilities  as  follows  :  — 

Current  bills  unpaid, 17,238  09 

Due  on  monthly  pay  rolls, 673  89 

t7,9n  98 

Amounts  on  MonMy  Estimates^  not  due  until  Completion  of  Contracts  or 

until  Claims  are  settled. 


Namk. 


Amount. 


North  Metropolitan  Construction 

H.  A.  Hanscom  &  Co., 

Chas  A.  Haskin, 
High-level  Sewer :  — 

Lockwood  Manufacturing  Co., 

H.  W.  Phillips, 

Woodbury  &  Leighton  Co., 

H.  P.  Nawn, 

J.  W.  Bustin  &  Co., . 

E.  W  &  J.  J.  Everson, 

National  Contracting  Co., 

E.  W.  Everson  &  Co., 

Allis -Chalmers  Co., 

Lockwood  Manufacturing  Co., 


Sect.  56,  held  for  claims. 
Sect.  61, 

Sect.  43,  screen  machinery, 
Sect.  43,  outlet,  pipe  laying 
Sect.  44,  screen-house,  . 
Sect.  55, 

Sect.  57,  reserved  for  repairs 
Sect.  66,         .        .        . 
Sect.  73,  contract  abandoned 
Sect.  75, 
Sect.  77, 
Sect.  77, 


f 200  00 

638  40 

1,929  30 

9,706  23 

1,500  00 

1,500  00 

100  00 

1,000  00 

5,516  17 

2.000  00 

51,000  00 

1,678  80 

J76,767  90 
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On  the  claims  of  the  following  it  is  impossible  to  state  the 
amounts  due  for  land  and  other  damages,  as  no  sums  have  been 
agreed  upon,  and  suits  are  now  pending  in  the  courts  for  the  deter- 
mination of  most  of  them  :  — 

Holyhood  Cemetery  Association,  Mary  C.  Eichorn,  Clemence 
W.  Hasenfus,  Jackson  et  «?.,  trustees,  Caroline  S.  Skinner,  heirs  of 
John  Friel,  Boston  Elevated  Railway  Company,  heirs  of  John  Gil- 
more,  Boston  &  Maine  Railroad,  Mary  Rohan,  Mary  E.  Connolly, 
National  Contracting  Company,  Jacob  M.  Mason,  Martin  Dings, 
Bernard  Duffy,  Anna  L.  Dunican,  Edward  Duffy,  Joseph  H.  Duffy, 
Mary  R.  Duffy,  William  J.  Duffy,  Maurice  Duffy,  Bernard  Duffy, 
administrator,  Emma  Dings,  Carrie  8.  Urquhart,  N.  Jefferson 
Urquhart,  Edwin  N.  Urquhart,  Mary  Doherty,  Mary  E.  Doherty, 
Richard  Jones,  James  Doherty,  Michael  Niland,  Fred  W.  Baker, 
Catherine  A.  Baker,  Walter  J.  Baker,  Freda  E.  Baker. 

VIII.     CONSUMPTION  OF  WATER. 

The  rain&U  of  the  year  was  considerably  below  the  average,  but 
as  this  deficiency  occurred  entirely  during  the  last  three  months  of 
the  yeaB,  the  3'ield  of  the  watersheds  constituting  the  sources  of 
supply  for  the  District  was  but  little  below  the  yearly  average. 

There  was,  however,  a  decided  increase  in  the  quantity  of  water 
consumed.  The  average  daily  rate  of  consumption  in  the  cities  and 
towns  supplied  b}'  the  Metropolitan  Works  during  the  year  was 
114,876,000  gallons,  —  an  increase  of  7,728,000  gallons  over  that 
of  the  preceding  year.  Although  there  was  an  increase  in  con- 
sumption throughout  the  year,  the  larger  part  of  the  increase 
occurred  during  the  colder  months  of  January,  February,  March 
and  December.  The  daily  rate  of  consumption  per  person  was  123 
gallons,  —  or  4  gallons  more  than  the  rate  of  the  preceding  year. 

While  the  extreme  cold  of  the  winter  months  contributed  to  make 
a  larger  average  consumption,  the  summer  was  unusually  moderate 
and  cool,  so  that  there  was  less  than  the  usual  waste  of  water  through 
the  use  of  hand  hose  and  lawn  sprinklers,  and  the  Board  was  called 
upon  to  complain  of  but  few  violations  of  the  regulations  adopted 
regarding  their  use.  • 
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IX.  THE  MEASUREMENT  OF  WATER  SUPPLIED  TO  THE 
VARIOUS  MUNICIPALITIES,  AND  THE  INVESTIGATION 
OF  UNNECESSARY  AND   IMPROPER  USE   OR  WASTE. 

The  measurement  of  the  water  supplied  to  each  municipality  in 
the  District  which  the  Board  was,  by  the  installation  of  the  Venturi 
meters,  enabled  to  make  during  the  latter  half  of  the  preceding  year, 
has  been  continued  throughout  the  past  year,  and  the  results  of  the 
measurements  are  given  in  connection  with  the  report  of  the  Chief 
Engineer. 

A  similar  variation  to  that  previously  reported  is  shown  in  the 
consumption  of  water  in  the  different  municipalities  of  the  District. 
The  towns  of  Milton  and  Behnont,  in  which  all  the  services  are 
metered,  and  the  city  of  Maiden,  in  which  the  services  are  about 
five-sixths  metered,  show  a  daily  per  capita  consumption  respectively 
of  41,  49  and  46  gallons.  Other  municipalities  in  which  but  a  small 
proportion  of  the  services  are  metered  have  much  greater  per  capita 
consumption,  the  number  of  gallons  consumed  daily  per  capita  in 
the  cities  of  Quincy ,  Melrose,  Chelsea  and  Boston  being  respectively 
as  high  as  101,  106,  113  and  143. 

The  records  of  the  Venturi  meters  enable  the  engineers  and  local 
authorities  to  detect  the  existence  of  leaks  in  the  pipes,  and  to  deter- 
mine the  quantities  of  water  used  otherwise  than  for  ordinary  con- 
sumption. In  one  municipality  an  increase  of  consumption  in  a 
single  day  from  400,000  to  1,000,000  gallons  was  recorded.  This 
increase  was  found  to  be  due  to  a  broken  8-inch  pipe,  causing  a 
leakage  which  might  otherwise  have  continued  for  a  long  time  with- 
out detection.  The  records  taken  likewise  disclose  the  fact  that  in 
the  whole  District  during  the  extreme  cold  months  of  January  and 
February  of  the  past  year,  between  the  hours  of  1  and  4  in  the  morn- 
ing when  the  necessary  use  of  water  was  at  a  minimum,  the  actual 
rate  of  consumption  for  the  three  houi*s  was  greater  than  that  for  the 
entire  day  during  the  summer  months.  The  results  indicated  an 
absolute  ^vaste  in  many  parts  of  the  District  by  reason  of  defective 
fixtures,  or  of  allowing  the  water  continually  to  run  in  order  to 
avoid  the  freezing  of  the  pipes. 

The  Legislature  of  last  year,  in  acting  upon  the  special  report  of 
the  Board,  by  the  enactment  of  chapter  426  of  the  Acts  of  1904, 
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amended  the  provisions  of  the  Metropolitan  Water  Act  so  as  to 
provide  that  on  and  after  the  year  1906  the  assessments  upon  all 
the  municipalities  of  the  District,  other  than  the  city  of  Boston, 
shall  be  laid  one-third  in  proportion  to  their  respective  valuations 
and  two-thirds  in  proportion  to  the  quantities  of  water  respectively 
consumed  by  them  in  the  preceding  year,  thereby  substituting  con- 
sumption as  an  element  of  assessment,  instead  of  population.  In 
accordance,  therefore,  with  this  act,  the  measurements  of  water  used 
by  the  cities  and  towns  other  tlian  Boston  during  the  current  year, 
will  be  taken  as  important  factors  in  determining  the  amounts  of  the 
assessments. 

The  Board  is  still  of  the  opinion  that  a  large  proportion  of  the 
water  now  supplied  to  the  District,  amounting  to  from  one-third  to 
one-half  of  the  entire  quantity  afforded,  is  unnecessarily  used  or 
wasted,  and  that  it  is  possible  and  practicable  to  prevent  the  greater 
part  of  such  unnecessary  use  or  waste.  The  means  of  prevention 
are  largely  in  the  hands  of  the  local  authorities.  By  the  introduc- 
tion of  meters,  a  rigorous  inspection,  and  the  speedy  prevention  of 
leakage  and  waste  when  discovered,  a  great  reduction  in  consump- 
tion can  be  attained.  It  is  still  believed  that  both  the  municipality 
and  the  individual  water  taker  can  be  interested  in  the  checking  of 
waste  and  excessive  use  by  causing  water  rates  to  be  largely  de- 
pendent upon  the  quantity  of  water  which  is  consumed. 

X.     ELECTROLYSIS. 

Investigations  have  been  continued  in  order  to  ascertain  more 
definitely  the  extent  of  the  injury  done  to  the  water  pipes  by  the 
underground  electric  currents,  and  for  the  purpose  of  devising 
means  by  which  such  injurious  effects  may  be  overcome  or  largely 
reduced. 

The  most  serious  effects  of  the  electric  current  upon  the  pipes  have 
been  found,  as  heretofore,  in  the  vicinity  of  the  power  stations  of 
the  different  electric  railway  companies.  In  one  instance  the  iron 
of  the  pipe  was  so  pitted  and  decomposed  as  to  render  hazardous  its 
longer  continuance,  and  the  water  main  for  a  distance  of  539  feet 
was  relaid.  Pipes  have  been  uncovered  and  examined  at  various 
other  points,  but  in  this  place  only  had  the  deterioration  proceeded 
so  far  as  to  make  necessary  the  immediate  relaying  of  the  pipe. 

Experiments  which  have  been  made  in  applying  to   the   pipes 
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affected  an  insulating  covering  of  asphalt  and  burlap  have  not 
seemed  to  be  successful.  Some  success  has  attended  the  installa- 
tion of  insulating  joints  in  pipes  which  have  been  particularly 
affected,  but  the  observations  have  not  been  carried  far  enough  to 
determine  to  what  extent  the  application  of  insulating  joints  will 
cause  a  reduction  of  electrolytic  action. 

The  legal  proceedings  which  have  been  begun  to  reimburse  and 
to  protect  the  Commonwealth  on  account  of  such  injuries  have  been 
delayed  to  await  further  the  results  of  the  experiments,  in  which  the 
Board  has  been  willing  to  cooperate  with  the  railway  corporations. 

XI.   FUTURE   EXTENSION   OF  THE   HIGH-LEVEL  SEWER  TO 
BROOKLINE,    BRIGHTON   AND   NEWTON. 

The  Board  was  authorized,  by  chapter  230  of  the  Acts  of  the  year 
1904,  ''  to  determine  the  location,  elevation  and  size  of  the  high-level 
metropolitan  sewer  above  the  point  where  the  sewage  from  the  Charles 
river  valley  is  to  be  received,"  and  a  special  appropriation  for  this 
purpose,  to  the  amount  of  $7,000,  was  made.  This  act  called  upon 
the  Board  to  make  the  proper  surveys  and  investigations  necessary 
to  fix  the  location  of  this  extension.  The  proposed  extension  begins 
at  a  point  near  Jamaica  Pond  in  West  Roxbury  and  proceeds  north- 
westerly to  the  town  of  Brookline,  then  continues  in  the  same  gen- 
eral direction  through  that  town  to  the  Brighton  line,  and  thence  in 
a  general  westerly  direction  through  Brighton  and  the  city  of  New- 
ton, to  the  Charles  River. 

The  High-level  Sewer,  designed  to  receive  only  separate  sewage, 
which  extends  from  the  connection  with  the  Charles  River  valley 
system  in  the  vicinity  of  the  Ward  Street  pumping  station  in  Rox- 
bury to  Nut  Island  and  Boston  harbor,  was  built  under  the  provisions 
of  chapter  424  of  the  Acts  of  the  year  1899,  in  accordance  with  the 
recommendations  made  by  the  Metropolitan  Sewerage  Commission 
in  its  special  report  of  that  year  upon  the  subject.  It  was  stated 
that  the  Charles  River  valley  sewer  as  then  already  constructed 
would  probably  be  sufficient  for  a  number  of  years  to  provide  for 
portions  of  Brookline,  Brighton  and  Newton  ;  but  it  was  within  the 
scheme  recommended  that  eventually  an  extension  of  the  High-level 
Sewer  would  be  required  for  these  districts,  and  the  location  of  such 
an  extension  was  examined,  and  a  suggested  general  route  was  traced 
upon  the  plans  then  submitted. 
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The  necessity  of  definitely  fixing  the  location  of  the  local  sewers 
which  are  called  for  by  the  growing  population  of  these  higher  re- 
gions, especially  those  which  are  to  be  built  for  the  separate  system 
of  sewerage  which  will  in  the  future  be  required  to  discharge  into 
this  extension  of  the  High-level  Sewer,  caused  the  Legislature  to 
pass  the  act  of  last  year. 

The  surveys  and  investigations  have  been  made  in  accordance 
with  the  requirements  of  that  act,  and  a  proper  location  of  the  pro- 
posed extension  has  been  fixed  by  the  Engineer  of  the  Sewerage 
Works  and  approved  by  the  Board.  The  report  of  the  Engineer, 
showing  this  location  and  the  proposed  elevation  and  size  of  the 
sewer,  together  with  the  estimated  cost  of  the  construction  of  the 
various  sections  of  the  work,  is  made  a  part  of  his  general  report  to 
the  Board,  and  is  published  herewith. 

The  route  selected  for  the  extension  starts  from  a  point  in  the 
present  High-level  Sewer  in  West  Roxbury  near  Jamaica  Pond,  at 
the  corner  of  Perkins  and  Centre  streets,  and,  in  general,  proceeds 
by  tunnel  through  Perkins  Street,  passing  near  Jamaica  Pond  and 
across  the  line  into  Brookline ;  then  under  Chestnut,  Kendall  and 
Cypress  streets,  crossing  under  Walnut  Street,  to  near  Boylston 
Street ;  then  by  open  cut  in  a  route  which  passes  through  Gorham 
Avenue  and  Park  Street,  by  tunnel  through  Winchester  Street,  and 
by  open  cut  through  Columbia  Street  to  the  Brighton  line.  In 
Brighton  the  route  passes  by  open  cut  through  Columbia  Street 
and  Commonwealth  Avenue,  and  by  tunnel  under  Warren  and 
Cambridge  streets  and  a  portion  of  Washington  Street,  and  con- 
tinues by  open  cut  through  Washington  and  Tremont  streets  to  the 
Newton  line.  In  Newton  the  route  passes  through  Tremont  Street 
and  other  short  streets  to  Newton ville  Avenue,  thence  by  tunnel 
under  Mt.  Ida  to  Cabot  Park,  and  then  by  tunnels  and  open  cuts 
through  Newtonville  and  West  Newton  to  the  Charles  River  at  New- 
ton Lower  Falls, 

The  total  length  of  the  proposed  location  is  10.18  miles.  About 
5.30  miles  are  in  tunnel  and  4.88  miles  in  open  cut. 

Particular  attention  has  been  given  to  that  portion  of  the  sewer 
which  extends  from  the  junction  of  the  High-level  Sewer  in  West 
Roxbury  through  Brookline  to  Oak  Square  in  Brighton.  It  is 
anticipated  that  the  further  extension  through  the  city  of  Newton 
will  not  be  required  for  a  considerable  period  to  come. 
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The  portion  of  the  sewer  located  in  West  Roxburj  and  Brookline 
and  in  Brighton  to  Oak  Square  has  a  length  of  24,750  leet,  or  4.69 
miles.  Although  sections  at  various  places  would  differ  in  form, 
its  size  would  vary  from  substantial  diameters  of  about  6  feet  to  7 
feet.  The  elevation  at  the  highest  point,  at  Oak  Square,  in  Brighton, 
would  be  41.13  feet  above  Boston  City  Base,  and  at  the  junction  with 
the  High-level  Sewer,  31.5  feet  above  Boston  Oit}"  Base,  or  21.5 
feet  above  high  water  in  Boston  harbor. 

The  district  which  would  be  affected  by  the  construction  of  this 
entire  extension  of  the  High-level  Sewer  has  an  area  of  48.57  square 
miles,  having  an  estimated  population  of  153,250.  At  present  all 
or  nearly  all  of  the  sewage  of  this  area  is  contributory  to  the 
Oharles  River  valley  sewer,  and  the  sewage  thus  received  has  to  be 
pumped  at  the  Ward  Street  station  into  the  High-level  Sewer.  It 
is,  however,  estimated  that  an  area  of  20.26  square  miles,  having 
now  an  estimated  population  of  45,350,  which  is  likely  to  increase 
largely  in  the  future,  can  by  the  proposed  extension  be .  discharged 
by  gravity  into  the  High-level  Sewer,  and  in  this  manner  all  costs 
for  pumping  can  be  saved. 

The  estimated  cost  of  the  entire  extension,  as  given  by  the 
Engineer,  is  $1,889,906  ;  and  the  cost  of  that  portion  in  West  Rox- 
bury,  Brookline  and  Brighton,  which  will  first  be  required,  is  esti- 
mated at  $1,168,928. 

It  is  evident  that  the  time  is  fast  approaching  when  the  volume 
of  sewage  discharged  into  the  Charles  River  valley  sewer,  which 
provides  for  the  territory  in  question,  will  have  reached  the  limit 
of  the  capacity  of  that  sewer,  and  that  the  relief  which  had  for- 
merly been  proposed  by  the-  extension  of  the  High-level  system 
into  the  upper  portions  of  the  territory  will  have  to  be  afforded. 

It  was  estimated,  when  the  Charles  River  valley  sewer  was  built, 
in  the  year  1892,  that  it  would  provide  for  an  anticipated  popula- 
tion of  183,000.  The  present  population  of  the  district  now  ta'ibu- 
tary  to  this  sewer  is  about  153,000,  and  is  rapidly  increasing.  The 
maximum  per  capita  rate  of  sewage,  or  225  gallons  a  day,  which 
was  taken  for  the  basis  of  the  studies  made  previous  to  the  year 
1892,  has  already  been  exceeded  in  the  ordinary  wet  weather  flows. 
Although  the  Charles  River  valley  sewer  was  built  to  receive  only 
separate  sewage  from  much  of  the  territory  tributary  to  it,  in 
periods  of  storms  there  is  necessarily  a  considerable  increase  by 
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ground  flow  and  otherwise,  so  that  at  such  periods  the  amount  dis- 
charged into  the  sewer  is  now  nearly  equal  to  its  capacity ;  and 
there  is  danger  that  in  a  comparatively  few  years  this  sewer  will  be 
at  times  overcharged,  and  the  sewage  will  overflow  so  as  to  become 
offensive  to  portions  of  the  District,  particularly  in  Brighton  and 
Brookline,  through  which  the  sewer  passes.  An  additional  advantage 
will  be  gained  by  the  construction  of  the  proposed  extension,  in  that 
the  sewage  which  will  be  received  into  it  will  be  discharged  by  gravity, 
and  considerable  expense  will  be  saved  in  the  cost  of  pumping. 

Inasmuch  as  the  construction  of  the  extension  to  Oak  Square 
will  require  a  period  of  two  or  three  years  after  its  building  is 
authorized,  an  early  consideration  of  the  subject  is  important. 

XII.     FUTURE  WORK. 

The  construction  of  the  Wachusett  Dam  and  the  Wachusett  Res- 
ervoir has  proceeded  so  far  that  there  seems  but  little  doubt  that 
both  the  dam  and  reservoir  will  in  the  coming  year  be  substantially 
completed  and  made  ready  for  use,  so  as  to  leave  only  some  small 
.subsidiary  work  to  be  subsequently  performed. 

If  decided  measures  are  taken  by  the  municipalities  of  the  Met- 
ropolitan District  for  the  reduction  of  the  present  excessive  con- 
sumption, the  necessity  of  proceeding  to  new  sources  of  water  supply 
and  of  building  further  reservoirs  and  aqueducts  will  be  delayed  lor 
a  considerable  period  to  come.  It  certainly  behooves  the  various 
municipalities  of  the  District,  which  have  the  control  of  the  distribu- 
tion of  water,  to  promote  and  adopt  such  reasonable  measures  as 
.shall  postpone  the  necessity  of  providing  new  sources  of  supply 
and  additional  works  therefor,  and  to  prevent  the  imposition  upon 
the  people  of  burdens  which  are  unnecessary. 

Considerable  additional  work  will  probably  be  required  for  the 
abatement  of  sources  of  pollution  to  the  water  supply,  for  enforc- 
ing measures  for  stopping  improper  and  unnecessary  consumption 
of  water  through  waste  and  leakage,  and  for  the  prevention  of  the 
deterioration  of  water  mains  arising  from  electrolytic  action.  The 
building  of  the  improvement  of  Spot  Pond  Brook,  called  for  bj'^ 
the  legislation  of  last  year,  is  dependent  upon  the  decision  of  a 
commission  to  be  appointed  by  the  court.  A  petition  for  the 
appointment  of  such  a  commission  has  been  made,  but  no  action 
has  yet  been  taken  thereon. 
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With  the  exception  of  the  suits  of  the  cities  of  Maiden,  Medford 
and  Mehrose  for  damages  on  account  of  the  taking  of  Spot  Pond 
and  the  adjacent  lands,  there  remain  unsettled  comparatively  few 
claims  for  damages  on  account  of  the  taking  of  lands  for  the  works, 
for  the  diversion  of  water,  for  depreciation  to  real  estate  and  for 
damages  to  business.  It  is  probable  that  nearly  all  of  these  claims 
can  be  settled  during  the  coming  year. 

The  construction  of  the  High-level  Sewer  and  of  the  extensions 
of  the  North  Metropolitan  System  of  sewerage  to  the  towns  of 
Revere  and  Belmont  has  nearly  completed  all  the  sewerage  works 
at  present  authorized.  The  laying  of  the  force  main  from  the 
Quincy  sewerage  pumping  station  to  connect  with  the  High-level 
Sewer  will  be  accomplished  early  in  the  year. 

The  Board  is  charged  with  the  operation  and  maintenance  of  all 
the  various  works  for  the  supply  of  water  to  the  Metropolitan  Dis- 
trict and  for  the  disposal  of  the  sewage.  The  amount  required  for 
maintenance  and  operation  during  the  past  year  exceeded  $550,000, 
and  the  putting  into  complete  operation  of  the  Wachusett  Reservoir 
and  of  the  High-level  Sewer  will  add  materially  to  this  department 
of  the  work  of  the  Board. 

The  report  of  the  Chief  Engineer,  relating  to  the  Water  Works, 
and  the  report  of  the  Engineer  of  the  Sewerage  Works,  are  here- 
with presented. 

Respectfully  submitted, 

HENRY  H.  SPRAGUE. 
HENRY  P.  WALCOTT. 
JAMES   A.  BAILEY,  Jr. 

Boston,  M«reh  11, 1006. 
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REPOET  OF  THE  CHIEF  ENGINEER. 


To  the  Metropolitan  Water  and  Sewerage  Board, 

Gentlemen  :  —  The  following  is  a  report  of  the  opeiations  of  the 
Engineering  Department  of  the  Metropolitan  Water  Works  for  the 
year  ending  December  31,  1904. 

Organization. 

Dexter  Brackett,  Engineer  of  the  Distribution  Department,  was 
on  March  10  also  placed  in  charge  of  the  Sudbury  De{>artment  and 
of  the  maintenance  of  the  Weston  Aqueduct,  and  on  May  25  was 
placed  in  charge  of  completing  the  work  of  construction  connected 
with  the  Weston  Aqueduct.  In  connection  with  these  changes  he 
was  given  the  title  of  Engineer  of  Sudbury  and  Distribution  De- 
partments. 

Horace  Ropes,  Engineer  of  the  Weston  Aqueduct  Department, 
after  having  substantially  completed  the  work  under  his  charge,  re- 
signed on  May  25  to  accept  a  position  on  the  New  York  Water 
Works.  The  department  was  then  abolished,  and  the  work  remain- 
ing to  be  done  was  placed  in  charge  of  Mr.  Brackett,  as  already 
stated. 

Charles  E.  Wells,  Engineer  of  the  Reservoir  Department,  ten- 
dered his  resignation  toward  the  end  of  the  year,  to  take  effect  in 
January,  1905,  in  order  to  accept  an  appointment  on  the  Reclama- 
tion Service  of  the  United  States  Geological  Survey ;  and  the  work 
of  his  department  will  on  January  1  be  placed  in  charge  of  Thomas 
F.  Richardson,  Engineer  of  the  Dam  and  Aqueduct  Department, 
with  the  new  title.  Engineer  of  Dam  and  Reservoir  Department. 

Chester  W.  Smith,  Division  Engineer  and  Chief  Inspector  at  the 
Wachusett  Dam,  resigned  December  10  to  accept  a  position  on  the 
Reclamation  Service  of  the  United  States  Geological  Survey. 

Charles  E.  Hal)erstroh,  Assistant  Superintendent,  Sudbury  De- 
partment, now  reports  to  Mr.  Brackett,  instead  of  directly  to  the 
Chief  Engineer. 
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Charles  W.  Sherman,  Division  Engineer,  tendered  his  resigna- 
tion, which  took  effect  September  30,  to  accept  another  position. 

William  W.  Locke,  Sanitary  Inspector,  who  formerly  reported 
to  the  department  engineers,  now  reports  directly  to  the  Chief  En- 
gineer. 

The  list  of  assistants  reporting  directly  to  the  Chief  Engineer  at 
the  end  of  the  year  is  as  follows  :  — 

Dexter  Brackett,    .  .  Engineer  of  Sudbury  and  Distribution  Departments. 

Thomas  F.  Richardson,  .  Engineer  of  Dam  and  Aqueduct  Department, 

Charles  E.  Wells,    .  ,  Engineer  of  Reservoir  Department, 

William  W.  Locke,  .  .  Sanitary  Inspector. 

Frank  T.  Daniels,     .  .  Principal  Office  Assistant, 

Samuel  E.  Killam,    .  .  Office  Assistant, 

Joseph  P.  Davis  and  Hiram  F.  Mills  have  continued  as  consulting 
engineers. 

At  the  beginning  of  the  year  the  engineering  force,  including 
those  engaged  upon  both  the  construction  and  maintenance  of  the 
works,  numbered  153,  and  at  the  end  of  the  year  105. 

In  addition  to  the  engineering  force,  which  included  the  engi- 
neers engaged  upon  the  inspection  of  the  work,  other  inspectors 
have  been  employed  upon  masonry  and  earthwork.     The  maximum  . 
number  so  employed  at  any  time  during  the  year  was  11. 

Gangs  of  men,  under  the  immediate  direction  of  foremen  and 
under  the  general  direction  of  the  engineers,  have  been  employed 
from  time  to  time  to  do  minor  work,  the  more  important  items  of 
which  were  the  grouting  with  cement  of  two  large  arch  bridges  of 
the  Boston  &  Maine  Railroad  over  the  Stillwater  and  Quinepoxet 
rivers ;  the  cleaning  of  a  large  portion  of  the  Wachusett  Reservoir, 
preparatory  to  filling  it  with  water ;  cementing  and  otherwise  treat- 
ing the  rock  at  the  bottom  of  the  cut-off  trench  of  the  South  Dike ; 
the  construction  of  additional  settling  basins  and  beds  at  the  Clinton 
sewage  disposal  works ;  and  the  fencing,  seeding  and  other  work 
connected  with  the  completion  of  the  Weston  Aqueduct. 

There  has  also  been  a  maintenance  force,  exclusive  of  engineers, 
averaging  202,  employed  at  the  pumping  stations  and  in  connection 
with  the  maintenance  of  reservoirs,  aqueducts,  pipe  lines  and  other 
work. 
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Force  Employed  on  Works. 

The  force  employed  upon  the  works  in  1904  was  smaller  than  the 
force  employed  in  1903. 

The  largest  force  employed  upon  the  works  at  any  one  time  dur- 
ing the  year  was  for  the  week  ending  June  11,  as  follows :  — 


Hone*. 


100 
118 


OoDtrmoton'  f oro«i :  — 

Raaarroir  DapAitmeDt, 

Dam  and  Aqaednot  Depanment, 

Day- labor  foroei,  coDitniotloD, 

BngtoeeriDg  foroe,  iooludlog  engineer  Inepeetors  and  thoee  engaged  upon 

maintenance, 

Inepeetora  not  engineers 

Maintenance  foroe,  not  inolnding  engineere, 


S27 

80 


22 
270 


Arrangement  or  Report. 

In  continuing  this  report,  it  is  the  purpose  to  separate  the  work 
charged  to  the  construction  account  from  that  charged  to  the  main- 
tenance account ;  but,  as  the  work  of  construction  and  maintenance 
is  supervised  by  the  same  principal  engineers,  and  in  very  many 
cases  the  assistants  are  engaged  upon  both  classes  of  work,  it  is  not 
feasible  to  make  a  complete  separation. 

CONSTRUCTION. 

Contracts. 

A  detailed  statement  of  the  contracts  made  and  pending  during 
the  year  is  given  in  Appendix  No.  1.  The  following  statement 
gives  a  summary  of  all  the  contracts  charged  to  construction  from 
the  beginning  of  the  work  to  the  end  of  the  year  1904  :  — 


PoaTioH  or  Work. 


Number  of 
Contracts. 


Approximate 
Amount. 


Wachusett  Reservoir, 
Wachusett  Dam, 
Other  portions  of  work. 

Totals, 


12,949,045  92 

1,740,216  86 

10,287,864  68 


1 14,977,1 16  31 
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Amount  of  6  contracts  made  in  1904  (approximate),  ....     195,541  26 
Amount  of  S  contracts  unfinished  December  81, 1904  (approximate),  2,388,635  00 
Value  of  work  done  by  contract  from  January  1, 1904,  to  December 
31,  1904, 1,154,851  57 

In  the  case  of  all  contracts  completed  up  to  the  present  time  final 
settlements  have  been  made  without  any  legal  controversy. 

BESEB^Om  DEPARTMENT. 

(The  ■totemeDt  of  the  work  of  ihii  departmant  has  been  prepared  by  Ohmrlee  E.  Weill,  Department 

Engineer.) 

The  principal  work  of  this  department  during  the  year  has  been 
the  continuation  of  the  removal  of  soil  from  the  Wachusett  Reservoir 
and  its  disposal  in  the  North  Dike  and  in  shallow  flowage  and  high- 
way embankments,  the  completion  of  the  North  Dike,  the  construc- 
tion of  highways  in  West  Boylston  and  Oakdale,  and  the  practical 
completion  of  the  work  connected  with  the  relocation,  raising  and 
protection  of  the  railroads  at  Oakdale. 

The  organization  of  the  engineering  force  has  been  the  same  as 
during  the  latter  part  of  the  previous  year.  Charles  A.  Bowman, 
division  engineer,  has  continued  in  charge  of  the  force  reports, 
measurements,  estimates  and  miscellaneous  engineering  work  con- 
nected with  the  removal  of  soil,  and  also  in  charge  of  maintenance 
and  forestal  work.  Harry  J.  Morrison,  division  engineer,  has  con- 
tinued in  charge  of  the  inspection  of  the  removal  of  soil  from  the 
reservoir  below  West  Boylston  and  the  supervision  of  contractors. 
Ernest  H.  Baldwin,  division  engineer,  has  continued  in  charge  of 
the  work  at  and  near  Oakdale.  Frederick  W.  Harris,  assistant 
engineer,  has  had  charge  of  the  work  at  the  North  Dike  and  the 
miscellaneous  day-labor  work  in  that  vicinity.  Edwin  J.  Pickwick, 
assistant  engineer,  has  had  charge  of  the  work  connected  with  the 
relocation  of  roads  and  removal  of  soil  at  West  Boylston. 

The  total  engineering  force  of  this  department  has  varied  in  num- 
ber from  57  to  47,  the  latter  being  the  number  at  the  end  of  the 
year. 

The  main  office  of  this  department  is  at  Clinton.  Three  branch 
offices,  two  at  West  Boylston  and  one  at  Oakdale,  have  been  con- 
tinued throughout  the  year. 
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North  Dike. 

Work  upon  the  North  Dike  has  been  in  progress  during  the 
year  under  the  contractors,  the  Newell  &  Snowling  Construction 
Company  and  the  Mc Arthur  Brothers  Company,  and  is  now  com- 
pleted. 

The  amount  of  work  done  during  the  year,  also  the  total  amount 
done  to  complete  the  dike,  are  given  in  the  following  statement :  — 


To  December 
81, 1908. 


For  the  Year 
1004. 


Toua. 


Boil  and  earth  ezoaTated  from  main  cat-off  trench  (onbic 
yaroB^f     ■•••>••>««• 

Boll  and  earth  excavated  from  eecondary  cat-off  trench 
(cable  yarde), 

Total  length  of  main  cut-off  trench  (feet),    .       .       .       . 

Length  excavated  to  rock  (feet), 

Length  excavated  into  fine  eana  (feet), 

Length  in  which  aheet  piling  was  driven  (feet),    . 

Length  in  which  sheet  piling  was  not  driven  (feet),    . 

Surface  of  rook  uncovered  aod  treated  at  bottom  of  main 
cut-off  trench  (equare  feet), .       ...... 

Soil  from  reservoir  deposited  in  cut-off  trenches  and  in  the 
dike  (cubic  yards), 

Barth  and  gravel  taken  from  borrow  pits  and  deposited  in 
the  dikcr( cubic  yards), .        ....... 

Earth  excavation  for  tbe  construction  of  a  small  dike  (coffer, 
dam)  In  Coaohlace  Pond  (cubic  yards),     .... 

Drain  pipe  laid  at  toe  of  westerly  portion  of  dike  (linear 
feet), 

Screened  gravel  on  the  water  slope  of  the  dike  ss  a  founda- 
tion for  riprap  (cubic  yards),       

Riprap  on  the  water  slope  of  the  dike  (cubic  yards),  . 


4M,866 

42,088 
9,606 
8,130 
6,876 
6,230 
1,136 

77,260 

4,766,388 

198,887 

19,172 

7,088 

14,356 
81,369 


190,608 
6,089 


1,566 
41,ni 


400,866 

42,083 
0,506 
3,180 
6,876 
6,280 
1,186 

77,240 

4,066,036 

205,776 

19,172 

7,088 

15,011 
123,180 


The  dike  covers  an  area  of  135  acres  and  contains  5,300,753 
cubic  yards  of  material  brought  from  outside  sources.  In  addition, 
561,061  cubic  yards  of  earth  were  excavated  from  cut-off  trenches 
and  for  a  small  dike,  making  a  total  of  5,861,814  cubic  yards  of 
earth  moved  in  connection  with  the  construction  of  the  dike.  The 
dike  is  10,400  feet  or  nearly  2  miles  long  on  the  water  side  at  full- 
reservoir  level,  65  feet  high  at  the  deepest  place  up  to  this  level, 
and  1,930  feet  wide  at  the  base  at  the  maximum  section. 

The  depositing  of  screened  gravel  as  a  foundation  for  the  riprap  on 
the  westerly  portion  of  the  dike  was  completed  April  13,  1904.  The 
soil  filling,  constituting  the  principal  part  of  the  dike,  and  consist- 
ing of  a  total  of  4,955,936  cubic  yards,  was  completed  November 
12.     The  placing  of  riprap  was  completed  November  18. 

The  total  cost  of  the  dike  is  substantially  $750,000,  which  may  be 
subdivided  by  classes  of  work,  as  follows  :  — 

a^  ' 
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Soil  excavated  from  the  reservoir  and  deposited  at  the  North  Dike, 
only  the  estimated  cost  of  depositing  it  being  charged  to  the  dike, 

4,956,000  cubic  yards,  at  6  cents, f  247,800 

Excavation  from  cut-off  trench,  542,000  cubic  yards,  at  18  cents,  .        .  97^60 

Borrowed  earth,  225,000  cubic  yards,  at  22  cents, 49,500 

Riprap  and  screened  gravel,  139,000  cubic  yards,  at  64  cents,        .  88,960 

Drain  pipe  and  other  miscellaneous  items, 11,180 

Sheet  piling,  treatment  of  ledge  in  bottom  of  cut-off  trench,  pumping, 

consolidating  soil  with  water  and  other  day-labor  work,    .        .        .  125,000 

$620,000 
Engineering  and  preliminary  investigations, 130,000 

V 

1750,000 

A  day-labor  force  has  been  employed  in  finishing  the  slope  of  the 
dike  toward  the  water  on  the  easterly  and  westerly  portions  and 
seeding  the  slope  of  the  easterly  portion ;  lumber  and  tools  have 
been  removed  to  the  Wilson  Street  storage  yard ;  weeds  have  been 
mowed  and  burned  ;  and  nine  permanent  benches  have  been  placed 
on  the  easterly  portion  of  the  dike,  for  the  purpose  of  determining 
future  settlement  of  the  material  composing  the  dike. 

The  maximum  day-labor  force  employed  at  the  dike  was  10  men 
and  4  horses,  for  the  week  ending  June  25. 

Measurements  have  been  made  during  the  past  three  years  which 
give  interesting  and  important  information,  confirming  that  pre- 
viously obtained  with  regard  to  the  impermeability  of  the  soil  which 
has  been  used  for  the  construction  of  the  greater  portion  of  the  North 
Dike. 

A  small  well  was  sunk  on  the  down-stream  slope  of  the  dike, 
about  1, 200  feet  distant  from  the  crest  of  the  dike  and  about  500  feet 
from  the  toe.  The  surface  of  the  dike  at  the  well  is  about  25  feet 
above  the  high- water  level  of  a  pond  at  the  toe  of  the  dike,  and  this 
pond  is  drawn  down  during  the  summer  from  4  to  6  feet  below  the 
high- water  level. 

During  the  time  of  these  observations  the  Wachusett  Reservoir 
had  not  been  filled  against  the  up-stream  face  of  the  dike,  so  that 
the  water  on  that  face  was  somewhat  lower  than  at  the  down-stream 
toe.  Notwithstanding  this  fact,  the  water  in  the  well  stands  from 
18  to  24  feet  —  averaging  about  22  feet  —  higher  than  the  water  in 
the  pond  at  the  toe  of  the  dike. 

The  soil,  although  merely  dumped  from  cars  in  layers  7^  feet  in 
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thickness,  is  so  nearly  impervious  that  the  rainfall  alone  is  able  to 
nouiintain  the  ground  water  in  this  portion  of  the  dike  only  a  few  feet 
below  the  surface  of  the  down-stream  slope. 

-  The  elevation  of  the  water  in  the  well  rises  after  each  heavy  rain, 
and  also  shows  a  seasonal  change,  being  higher  after  the  spring 
floods  and  lower  after  the  summer  and  autumn  droughts.  The  water 
when  highest  was  2  feet  below  the  sur&ce  of  the  dike,  and  when 
lowest  7  feet  below. 

Not  only  were  the  observations  made  at  the  well,  but  on  two 
occasions,  November  9,  1903,  and  April  21,  1904,  were  also  made 
at  points  25  feet  apart  in  each  direction,  covering  an  area  400  feet 
long  in  the  direction  of  the  slope  and  250  feet  at  right  angles 
thereto  in  the  vicinity  of  the  well.  These  observations  showed  that 
the  ground  water  was  from  3  to  7  feet  below  the  surface  of  the  dike 
(which  has  a  slope  of  from  3  to  4  feet  in  100)  and  approximately 
parallel  mth  it. 

Relocatiox  and  Construction  of  Roads. 

Considerable  progress  has  been  made  by  the  contractors  on  the 
construction  of  highways  at  West  Boylston  and  Oakdale. 

Of  the  new  highway  which  passes  through  Oakdale,  that  part 
between  Pleasant  Street  and  the  village  was  opened  for  travel  on 
June  15,  and  the  remainder,  to  a  point  south  of  the  Quinepoxet 
arches,  on  September  17. 

Considerable  work  has  also  been  done  on  Newton  Street,  south 
of  the  arches,  and  on  the  new  location  of  Holden  Street,  which  is 
now  used  for  public  travel.  The  highway  across  the  reservoir  at 
West  Boylston  was  opened  for  public  travel  on  December  24.  The 
opening  of  these  highways  has  permitted  the  discontinuance  of  the 
last  of  the  public  railroad  crossings  at  grade  in  the  villages  of  Oak- 
dale and  West  Boylston. 

Additional  information  with  regard  to  the  work  on  the  highways 
mentioned  may  be  found  subsequently  in  this  report,  under  the 
head  of  Contracts. 

In  addition  to  the  work  done  by  the  contractors,  there  has  been 
done  by  the  day-labor  forces  a  considerable  amount  of  work,  such  as 
grading  and  seeding  highway  slopes ;  erecting  and  painting  high- 
way railings  between  West  Boylston  and  Oakdale  ;  constructing  the 
false  works  for  the  arch  bridge  at  the  West  Boylston  crossing  of  the 
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reservoir,  and  removing  the  same ;  constructing  pipe  highway  cul- 
verts at  the  South  Meadow  Road,  Clinton,  and  near  the  West  Boyl- 
ston  railroad  station  ;  and  constructing  concrete  high^vay  culverts 
under  Holden  Street  and  at  Maiden  Brook  on  Newton  Street, 
Oakdale. 

'  The  maximum  force  employed  was  23  men  and  6  horses,  for  the 
week  ending  October  29. 

Removal  of  Soil. 

Work  upon  the  removal  of  soil  from  the  reservoir  has  been  in 
progress  under  the  contractors,  the  Newell  and  Snowling  Construc- 
tion Company,  and  Bruno,  Salomone  &  Petitti.  More  detailed 
information  in  regard  to  each  contract  will  be  found  under  the  head 
of  Contracts. 

The  total  amount  of  soil  removed  and  to  be  removed  from  the 
Wachusett  Reservoir  is  at  present  estimated  to  be  about  6,900,000 
cubic  yards,  from  approximately  3,943  acres.  Of  this,  the  total 
amount  removed  from  the  reservoir  in  previous  years  was  5,645,064 
cubic  yards,  from  3,236  acres;  in  1904,  1,115,341  cubic  yards 
were  removed  from  621  acres,  making  a  total  from  the  beginning 
of  the  work  to  the  end  of  1904  of  6,760,405  cubic  yards,  or  98 
per  cent,  of  the  total  as  at  present  estimated,  removed  from  3,857 
acres. 

The  above  total  includes  160,895  cubic  yards  of  soil  stripped  un- 
der contracts  Nos.  273  and  275  (Dam  and  Aqueduct  Department), 
from  101.4  acres  near  South  Clinton,  and  7,500  cubic  yards  stripped 
from  the  vicinitv  of  the  Wachusett  Dam. 

Of  the  soil  removed  to  the  end  of  1904,  470,233  cubic  yards  were 
used  for  road  embankments,  1,026,754  cubic  yards  for  shallow  flow- 
age  areas,  131,781  cubic  yards  for  railroad  embankments,  4,955,936 
cubic  yards  for  the  North  Dike,  160,895  cubic  yards  for  the  South 
Dike,  7,306  cubic  yards  have  been  placed  in  spoil  banks  and  7,500 
cubic  yards  have  been  used  near  the  Wachusett  Dam.  During  the 
year  8,835  cubic  yards  of  earth  have  been  deposited  upon  the  deep 
muck,  which  has  been  covered  to  a  depth  of  about  1  foot.  This 
^amount,  added  to  230,011  cubic  yards  used  for  the  same  purpose 
during  previous  years,  gives  a  total  of  238,846  cubic  yards. 

The  day-labor  forces  under  the  direction  of  the  engineering  force 
have  performed  the  following  work  :  — 
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All  of  the  bodies  from  the  old  Beaman  Cemetery  have  been  re- 
moved to  a  new  burial  lot  adjoining  the  West  Boylston  Cemetery. 
The  new  lot  was  graded  and  seeded,  a  gravel  drive  was  constructed, 
and  a  substantial  wall  enclosing  the  lot  was  built.  Excavation  was 
carried  to  a  depth  of  about  7  feet  over  the  whole  area  of  the  old 
cemetery,  and  65  bodies  were  removed.  These  were  placed  in 
boxes  provided  for  the  purpose,  and  reinterred  in  the  new  lot.  The 
monuments,  head-stones  and  foot-stones  were  removed  and  erected 
in  their  proper  places.  The  excavated  material  was  removed  to  the 
shallow  flowage  embankment  opposite  the  Clarendon  Mills.  The 
work  of  removing  the  bodies  was  commenced  on  May  10  and  com- 
pleted on  May  21. 

The  final  cleaning  of  the  reservoir  bottom  on  the  area  to  be 
flooded  was  accomplished  to  elevation  375.  The  weeds  and  grass 
were  removed,  and,  together  with  the  roots,  etc.,  were  burned  over 
an  area  of  1,200  acres.  On  a  considerable  portion,  where  there  was 
a  gi'owth  of  bunch  grass,  the  ground  was  harrowed  over  with  spring- 
tooth  harrows.  The  grass  was  afterwards  raked  and  burned.  This 
method  was  somewhat  more  costly  than  mowing  and  raking  the 
grass,  but  the  results  were  more  satisfactory. 

Stumps  and  driftwood  were  removed  from  the  channels  of  the 
Stillwater,  Quinepoxet  and  Nashua  rivers,  between  Oakdale  and  a 
point  about  1  mile  below  West  Boylston.  This  material  was  piled 
and  burned.  Perennials  were  pulled  or  grubbed  on  the  portions 
of  the  reservoir  from  which  the  soil  has  been  removed ;  the  reser- 
voir margin  has  been  widened  in  the  vicinity  of  Dover  Pond,  and 
also  near  West  Boylston ;  driftwood  has  been  removed  from  the 
reservoir,  and  burned ;  soil  on  the  old  Central  Massachusetts  Rail- 
road embankments  at  Oakdale  has  been  cast  to  the  foot  of  the 
slopes,  and  covered ;  the  bottom  of  the  reservoir  in  the  vicinity  of 
the  upper  end  has  been  graded,  to  secure  proper  drainage ;  and 
much  other  miscellaneous  work  has  been  done. 

The  maximum  force  employed  was  62  men  and  6  horses,  for  the 
week  ending  October  1. 

In  addition  to  the  engineering  work  connected  with  the  esti- 
mates and  inspection  of  the  removal  of  soil,  the  organic  matter  in 
1,085  samples  of  soil  has  been  determined  for  the  guidance  of  the 
inspectors. 
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BEFORE  Beginning  of  Work  and  after  Stripping  of  Reservoir 
AND  CONSTflucTioN  OF  Arch  and  Embankment. 
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Relocation  of  Railroads. 

The  principal  part  of  the  contract  work  upon  the  relocation  of 
railroads  was  completed  in  1903.  Some  paving  has  been  done  on 
the  slopes  of  the  Worcester,  Nashua  &  Portland  Division  during 
the  season  of  1904,  and  a  very  small  amount  yet  remains  to  be  done 
in  the  vicinity  of  the  Stillwater  and  Quinepoxet  arches.  The  Bos- 
ton &  Maine  Railroad  has  raised  and  ballasted  the  track  on  the 
Worcester,  Nashua  &  Portland  Division  south  of  the  Oakdale  sta- 
tion, and  has  also  raised  and  ballasted  the  Y  track  connecting  the 
Worcester,  Nashua  &  Portland  and  Central  Massachusetts  divisions. 

The  principal  day-labor  work  in  connection  with  the  railroads 
has  been  the  grouting  of  the  masonry  of  the  arches  which  carry  the 
railroad  over  the  Quinepoxet  and  Stillwater  rivers,  and  the  relaying 
of  a  considerable  part  of  the  wingwalls.  This  work  became  neces- 
sary because  the  wingwalls  and  portions  of  the  abutments  were 
originally  laid  without  mortar,  and,  with  the  raising  of  the  water  in 
the  reservoir  against  them,  they  might  otherwise  have  failed.  The 
waterway  of  the  Quinepoxet  arch  was  paved  in  1902,  and  that  of 
the  Stillwater  arch  in  1903.  The  work  of  grouting  the  masonry 
and  relaying  the  wingwalls  was  conmienced  at  the  Stillwater  arch 
on  June  6,  1904.  A  steam  derrick  was  used  to  handle  the  materials 
of  construction.  The  upper  and  insecure  parts  of  the  wingwalls 
were  taken  down,  and  when  rebuilt  the  walls  were  extended  to  cor- 
respond with  the  slopes  of  the  embankments.  In  rebuilding  as 
much  additional  stone  as  was  necessary  was  provided  and  all  of  the 
stone  was  laid  in  Portland  cement  mortar.  It  was  necessary  to  take 
down  and  relay  a  large  part  of  one  of  the  wingwalls  at  the  Stillwater 
arch.  The  grouting  of  the  main  parts  of  the  walls  proceeded  at  the 
same  time.  All  joints  were  thoroughly  washed  out  with  a  stream  of 
water  furnished  by  a  steam  pump  through  a  1-inch  hose.  The  joints 
were  then  carefully  filled  at  the  face  of  the  walls  with  rich  mortar, 
holes  being  left  about  5  feet  apart  for  convenience  in  grouting. 
The  filling  of  the  joints  was  done  a  few  days  in  advance  of  the 
grouting.  A  specially  constructed  funnel,  having  a  spout  on  the 
side,  was  used  in  pouring  the  grout  into  the  walls.  The  grout  was 
prepared  in  an  ordinary  mortar  box,  and  was  composed  of  3  parts  of 
fine  sand  to  1  part  of  American  Portland  cement.  Five  or  six  men 
did  the  mixing  with  mortar  hoes,  and  when  the  grout  was  of  proper 
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consistency,  three  men  continued  stirring  the  mixture  while  the 
others  poured  the  grout  into  the  walls.  Ordinary  coal  hods  were 
used  in  transferring  the  grout  to  the  wall,  the  hods  being  filled  by 
means  of  coal  scoops.  Substantial  stagings  were  erected  as  the  work 
progressed,  and  the  mixing  box  was  always  kept  on  a  level  with  the 
work  and  close  to  the  wall  where  the  grout  was  being  used.  The 
grout  ran  very  freely,  in  some  cases  showing  in  the  walls  at  a  dis- 
tance of  75  feet  from  the  point  of  application.  Four  hundred  and 
eighty  cubic  yards  of  rubble  masonry  were  laid,  at  a  cost  of  $4.86 
per  cubic  yard.  This  includes  the  expense  of  removing  the  old 
masonry  and  excavating  for  foundations  at  the  ends  of  the  walls. 
One  thousand  seven  hundred  and  thirty  barrels  of  cement  were  used 
in  the  grouting,  at  a  cost  of  $3  per  barrel  of  cement.  A  total  of 
2,041  barrels  of  cement  were  used  for  the  rubble  masonry  and  grout- 
ing of  both  arches.  This  work  was  completed  November  19,  the 
Quinepoxet  arch  being  finished  at  that  time.  The  maximum  force 
employed  was  26  men  and  5  horses. 

The  maximum  day-labor  force  employed  on  the  relocation  of  rail- 
roads was  28  men  and  4  horses,  for  the  weeks  ending  October  8 
and  29. 

Contracts,  Waohusett  Reservoir. 

Contract  210j  N^ewell  i&  Snoidituj  Construction  Company. 

Excavating  Soil  from  Section  8  of  the  Wachusett  Reservoir^  and  building  a  Pari 
of  the  Westerly  Portion  of  the  North  Dike^  in  Clinton  and  Sterling, 

On  August  1,  1901,  a  contract  was  made  with  the  Newell  & 
Snowling  Construction  Company  for  removing  soil  from  Section  8 
to  the  westerly  portion  of  the  North  Dike.  This  contract  called  for 
the  removal  of  a  sufficient  amount  of  soil  to  complete  this  portion  of 
the  dike,  and  also  for  the  excavation  of  earth  and  gravel  for  the 
completion  of  the  embankment  along  the  water  slope  of  the  dike, 
and  for  the  covering  with  sand  or  gravel  of  deep  muck  which  it  w^as 
not  considered  desirable  to  remove.  A  subsequent  agreement  was 
made  with  the  contractors  on  May  13,  1903,  for  the  placing  of  a 
layer  of  screened  gravel  from  6  to  18  inches  in  depth  on  the  slope 
of  the  westerly  portion  of  the  dike,  as  a  foundation  for  riprap. 

The  operations  of  the  contractor  were  continued  along  the  same 
lines  as  during  the  preceding  seasons.  Soil  has  been  loaded  into 
carts  and  deposited  in  a  shallow  flowage  embankment  nearly  oppo- 
site the  foimer  location  of  Sawyer's  Mills.     The  remainder  of  the 
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soil  has  been  loaded  into  carts  and,  by  means  of  dumping  platforms 
into  cars,  or  has  been  loaded  directly  into  cars,  and  hauled  by  loco- 
motives to  the  Noith  Dike.  A  limited  area  of  muck  has  been  cov- 
ered with  earth  to  a  depth  of  about  1  foot.  The  placing  of  screened 
gravel  on  the  slope  of  the  westerly  po*rtion  of  the  dike  was  in 
progress  at  the  close  of  1903,  and  was  completed  April  13,  1904. 
The  last  soil  was  hauled  to  the  dike  November  1. 

By  the  operation  of  the  railway  and  car  plant,  57,427  carloads, 
containing  188,772  cubic  yards,  were  transported  to  the  dike;  this, 
added  to  the  180,513  carloads,  containing  620,131  cubic  yards, 
transported  during  previous  years,  makes  a  total  of  237,940  car- 
loads, containing  808,903  cubic  yards,  transported  under  this 
contract. 

The  plant  consisted  of  2  12-ton  locomotives,  60  3-cubic-yard 
dump  cars  and  5  miles  of  3-foot-gage  track. 

The  total  amount  of  work  done  has  been  :  —  . 


To  December 
31, 1908. 

In  1904. 

Total. 

Clearing  and  grabbing  (aores), 

Soil  excavation  (cuble  yardi), 

Earth  excavation  for  embankment  at  dike  (cable  yards),    . 
Earth  excavation  for  covering  (onblc  yards), 
Gravel  excavation  fbr  water  slope  of  dike  (cable  yards),    . 
Screened  gravel  for  foundation  for  riprap  (cubic  yards),    . 

298 

090,246 

14,916 

66,246 

29,037 

0.770 

107 
274,603 
2,103 
4,479 
4,770 
1,660  . 

406 

970,748 

17,078 

69,724 

88,813 

8,382 

The  amount  of  the  final  estimate  was  $395,092.50. 
The  work  was  completed  November  26. 

The  maximum  force  employed  was  184  men  and  38  horses,  for 
the  week  ending  May  21. 

Contract  257y  Bruno y  Salomone  &  Petitti, 

Section  10  of  the  Wachuseit  Reservoir ^  in  BoyUton  and  West  Boylaton. 
On  December  27,  1902,  a  contract  was  made  with  Bruno,  Salo- 
mone &  Petitti  for  the  construction  of  what  is  known  as  Section  10 
.of  the  Wachusett  Reservoir.  This  contract  calls  for  clearing, 
grubbing  and  excavating  soil  from  some  700  acres  toward  the  upper 
end  of  the  reservoir.  At  the  beginning  of  1904  it  included  all  of 
the  soil  stripping  necessary  to  complete  the  reservoir,  excepting 
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that  covered  by  contracts  of  the  Newell  &  Snowling  Construction 
Company,  John  F.  Magee  &  Co.,  and  a  comparatively  small  area 
along  the  Stillwater  River  at  the  upper  end  of  the  reservoir  which 
has  not  yet  been  placed  under  contract.  It  also  provided  for  the 
construction  of  a  new  channel,  chiefly  in  rock,  for  the  Nashua  River 
at  the  highway  crossing  of  the  reservoir  at  West  Boylston  ;  enlarg- 
ing a  portion  of  the  channel  of  the  Quinepoxet  River  west  of  the 
Worcester,  Nashua  &  Portland  Division  at  Oakdale ;  building  a 
concrete  dam  across  the  river  at  the  upper  end  of  this  channel ; 
paving  the  slopes  of  the  railroad  and  highway  embankments ;  exca- 
vating gravel  to  be  used  for  protecting  the  slopes  of  embankments ; 
and  covering  with  earth  deep  deposits  of  muck  not  desirable  to 
remove.  The  progress  of  the  work  was  considerably  in  excess  of 
the  requirements  of  the  contract  at  the  beginning  of  1904. 

The  methods  employed  by  the  contractor  have  been  the  same  as 
in  use  during  the  preceding  season.  The  soil  from  limited  areas  in 
the  vicinity  of  shallow  flowage  and  highway  embankments  has  been 
loaded  into  caits  and  hauled  directly  to  the  embankments.  A 
limited  amount  of  soil  has  been  placed  in  spoil  banks.  On  other 
portions  of  the  work,  requiring  a  longer  haul,  the  soil  has  been 
loaded  into  carts  and,  by  means  of  dumping  platforms  into  cars,  or 
has  been  loaded  directly  into  cars,  and  hauled  to  the  embankments 
at  West  Boylston  or  Oakdale,  or  to  the  shallow  flowage  embank- 
ments at  Oakdale. 

The  total  number  of  carloads  of  soil  hauled  during  the  year  has 
been  182,889,  containing  580,254  cubic  yards;  this,  added  to  138,- 
543  carloads,  containing  429,617  cubic  yards,  hauled  during  1903, 
makes  a  total  of  321,432  carloads,  containing  1,009,871  cubic 
yards. 

Of  the  soil  removed  under  this  contract,  268,378  cubic  yards 
were  used  in  highway  embankments,  917,524  cubic  yards  were 
used  in  shallow  flowage  embankments  near  Oakdale  and  7,306  cubic 
yards  were  deposited  in  spoil  banks. 

The  railroad  plant  consisted  of  6  12-ton  locomotives,  1  10-ton 
locomotive,  80  2^-cubic-yard  dump  cars,  40  3-cubic-yard  dump  cars, 
40  3^-cubic-yard  dmnp  cars  and  8.4  miles  of  3-foot-gage  track. 

The  work  of  soil  removal  has  been  prosecuted  vigorously  during 
the  season.  Considerable  earth  excavation  has  been  done  in  the 
new  channel  for  the  river  above  the  Quinepoxet  arches  at  Oakdale, 
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and  the  slopes  have  been  paved.  The  highway  embankments  at 
Oakdale  and  West  Boylston  have  been  completed.  The  slope  pav- 
ing is  completed  on  the  highway  embankments  at  Oakdale,  and, 
with  the  exception  of  a  small  amount,  is  completed  on  the  Worcester 
Street  embankment  at  West  Boylston.  The  excavation  of  the  rock 
channel  at  West  Boylston  was  completed  and  the  water  of  the 
Nashua  River  turned  through  the  channel  on  July  16. 

The  total  amount  of  work  done  under  this  contract  has  been  :  — 


To  Deeember 
81, 1908. 


For  the  Ymf 
1904. 


Total  to 

Deeember  81, 

1004. 


Clearing  and  grabbing  (aeres), 

Boil  excavation  (onbte  yards) 

Earth  ezeavatlon  (oubie  yards) 

Rock  excavation  (onbio  yards), 

Slope  paving  (cable  yards), 


67 

87 

496,261 

696,947 

88,468 

62,886 

4,917 

12,026 

8,862 

10,680 

164 

1,198,206 

90,840 

16,948 

18,992 


This  contract  provided  for  the  completion  of  the  work  on  or 
before  November  1,  1905;  but  in  view  of  the  importance  of  having 
the  reservoir  in  readiness  for  the  storage  of  large  quantities  of  water 
in  the  spring  of  1905,  a  bop  us  was  offered  for  the  completion  at 
the  end  of  1904  of  those  portions  of  the  work  more  than  15  feet 
below  the  full-reservoir  level.  This  bonus  has  been  earned  by  the 
contractors,  notwithstanding  that  the  number  of  cubic  yards  of  soil 
removed  was  considerably  in  excess  of  the  number  in  the  prelim- 
inary estimate  of  quantities  of  work  to  be  done. 

The  maximum  force  employed  has  been  556  men  and  107  horses, 
for  the  week  ending  September  10. 

Contract  268^  McArthur  Brothers  Company. 

PUicing  Riprap  an  the  Westerly  Portion  of  the  North  Dike  ^  in  Clinton  atid  Sterling, 
On  May  16, 1903,  a  contract  was  made  with  the  McArthur  Brothers 
Company  for  using  as  riprap,  on  the  westerly  portion  of  the  North 
Dike,  granite  to  be  excavated  from  the  waste  channel  of  the  Wachu- 
sett  Dam  and  in  preparing  the  foundations  for  the  dam,  and  a 
comparatively  small  amount  of  granite  already  excavated.  The 
cross-section  of  the  ripmp  and  the  methods  of  the  contractor  were 
for  the  greater  part  of  the  season  the  same  as  those  described  in 
the  last  annual  report.     About  October  1  the  work  had  advanced 
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to  the  westerly  end  of  the  dike,  and  the  derrick  which  had  been  used 
in  placing  the  riprap  was  then  removed.  A  considerable  quantity 
of  coarse  riprap  was  then  required  at  different  places  along  the  dike, 
where  it  had  been  omitted  on  account  of  the  difficulty  in  procuring 
a  sufficient  proportion  of  the  large  stone  from  the  excavations  at  the 
dam  as  the  work  on  the  dike  progressed.  After  the  removal  of  the 
derrick  the  cars  were  dumped  and  the  stone  placed  entirely  by  labor- 
ers. The  work  was  completed  and  the  contractor's  plant  removed 
November  18.  The  total  amount  of  riprap  placed  was  25,063  cubic 
yards;  this  quantity,  added  to  the  15,751  cubic  yards  previously 
placed,  makes  a  total  of  40,814  cubic  yards.  These  quantities  rep-' 
resent  the  amount  of  solid  rock  used  for  the  riprap,  which,  when  in 
place  as  riprap,  swelled  to  a  volume  two-thirds  greater. 

The  amount  of  the  final  estimate  was  $51,017.50. 

The  maximum  force  employed  was  16  men,  for  the  week  ending 
February  27. 

Contract  277,  F.  A.  McCauliff. 

Masonry  Arch  Bridge  at  West  Boylstan. 

On  June  23,  1904,  a  contract  was  made  with  F.  A.  MoCauliff  for 
the  construction  of  a  masonry  arch  bridge  at  the  highway  crossing 
the  reservoir  at  West  Boylston.  This?  contract  called  for  the  con- 
struction of  a  granite  masonry  arch  highway  bridge  and  wingwalls 
backed  with  concrete.  The  arch  was  to  span  a  deep  rock  cut  which 
had  been  excavated  for  the  purpose  of  making  a  new  channel  for  the 
Nashua  River.  The  Board  was  to  furnish  the  material  for  and  erect 
and  remove  the  false  works  on  which  the  arch  was  to  be  built,  and 
to  prepare  the  foundations  for  the  arch  and  wingwalls.  Work  was 
commenced  on  July  18  and  completed  in  a  satis&ctory  manner  on 
September  28,  two  days  ahead  of  the  time  required  by  the  contract. 

The  principal  quantities  of  work  performed  were  as  follows :  — 

Concrete  masonry  (cubic  yards), 724 

Ashlar  masonry  (cubic  yards), 498 

Face  dressing  of  fine-pointed  work  (square  feet),        .        .        .        .  1,096 

Face  dressing  of  rough-pointed  work  (square  feet), 400 

The  value  of  the  work,  as  shown  by  the  final  estimate,  was 
$12,809.65. 

The  maximum  force  employed  was  38  men  and  8  hoi*ses,  for  the 
week  ending  September  24. 
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Improving  Wachusett  Watershed. 

The  dam  at  the  Palmer  mill-pond  in  Sterling  was  removed,  and  a 

main  ditch  1,550  feet  long  and  4  feet  wide  on  the  bottom  was  dug 

to  make  a  new  channel  for  the  brook  running  through  it.     Side 

ditches  having  an  aggregate  length  of  1,365  feet  were  also  dug  for 

draining  the  site  of  the  pond.     Considerable  other  work  has  also 

been  done  by  day-labor  forces  in  constructing  cesspools,  privies  and 

filter-beds. 

Forestry. 

The  cutting  out,  grading,  draining  and  improving  of  interior 
roads  has  been  continued.  About  3  miles  of  these  roads  have  been 
treated  in  this  manner,  for  purposes  of  fire  protection  and  forestry 
improvement.  The  work  of  cutting  out  mature,  dead  and  undesir- 
able trees,  preparatory  to  planting,  has  been  done  over  about  200 
acres.  About  200  acres  have  been  planted  with  three  and  four  year 
old  white  pine  seedlings  grown  in  the  nurseries  of  the  Board.  This 
area  consisted  of  arable  land,  open  and  brushy  pasture  and  sprout 
land  which  had  been  burned  over,  or  on  which  there  was  little  but  an 
undesirable  scrub  growth. 

On  the  open  areas  pines  were  set  at  10-foot  intervals,  with  sugar 
maples  between  as  fillers.  These  maples  were  natural  seedlings 
obtained  at  the  Lamson  farm.  Hickory  nuts  and  acorns  were  planted 
to  provide  fillers  on  the  brushy  areas.  On  some  partly  forested  areas 
pines  only  were  planted,  varying  the  intervals  from  5  to  10  or  more 
feet,  according  to  the  existing  growth.  Three  rows  of  white  pines  (5 
feet  apart  each  way  were  planted  along  2  miles  of  the  southern  res- 
ervoir margin  near  Pine  Hill ;  123,900  pines,  89,700  sugar  maples, 
7|  bushels  of  hickory  nuts  and  4  bushels  of  acorns  were  planted. 

The  necessary  care  has  been  given  to  the  Flagg  and  Lamson 
nurseries  during  the  year.  There  were  transplanted  from  seed  beds 
to  nursery  rows  at  the  Flagg  nursery  23,000  two-year-old  white 
pines.  This  nursery  now  contains  123,500  three  and  four  year 
old  white  pines  and  24,000  two-year-old  pines  in  nursery  rows. 
The  seed  beds  contain  approximately  23,000  white  pines,  14,000 
Norway  spruces  and  300,000  arbor  vitas  all  two  years  old.  They 
also  contain,  from  seed  sown  in  May,  1904,  105,000  white  pines, 
11,000  Douglas  spruces,  3,000  hemlocks,  38,000  white  spruces, 
4,000  tamaracks,  1,000  European  larches  and  10,000  Scotch  pines. 
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The  Lamson  nursery  contains  about  12,000  three,  four  and  five  year 
old  white  pines.  There  have  been  taken  up  and  heeled  in  for  spring 
planting  19,000  pines  and  22,000  natural  seedling  sugar  maples. 

Furrows  for  fee  protection  have  been  plowed  around  all  the  areas 
planted  this  year,  and  replowed  around  areas  previously  planted 
and  on  fire  guards  where  necessary. 

Pine  trees  from  the  nursery,  together  with  larger  ones  taken  from 
pasture  land,  were  planted  to  form  a  screen  around  the  filter-beds  at 
the  Worcester  County  Truant  School. 

Engineering  . 

In  addition  to  the  engineering  work  already  enumerated,  and 
that  necessarily  connected  with  the  contract  and  day-labor  work  in 
progress,  the  engineering  force  of  the  Reservoir  Department  has 
performed  the  following  work :  — 

Plans,  specifications  and  estimates  have  been  prepared  for  the 
construction  of  a  new  highway  on  the  southerly  side  of  the  reservoir 
between  Oakdale  and  West  Boylston ;  elevations  on  the  reservoir 
bottom,  as  determined  by  the  final  levels  taken  after  the  completion 
of  soil  excavation,  have  been  entered  on  record  sheets  and  contour 
lines  have  been  drawn  covering  an  area  of  about  430  acres,  making 
a  total  of  2,500  acres  covered  by  these  final  records  at  the  end  of 
the  year.  Curves  were  plotted  and  tables  prepared  showing  the 
capacity  of  the  reservoir  at  each  tenth  of  a  foot  between  elevations 
305  and  332.  Surveys  and  plans  were  made  of  the  Warfield  estate 
in  Holden  and  West  Boylston,  and  of  the  Dorr  property  in  Holden. 
Plans  have  been  made  for  the  discontinuance  of  parts  of  Newton 
and  Pleasant  streets  at  West  Boylston,  and  for  the  discontinuance 
of  Holden  Street  at  Oakdale.  Plans  have  been  revised  for  the  relo- 
cation of  Holden  and  Newton  streets  at  Oakdale.  In  addition  to 
the  surveys  and  plans  mentioned,  many  others  have  been  made  in 
connection  with  the  settlement  of  claims  and  for  other  purposes, 
and  much  miscellaneous  engineering  work  has  been  done. 

DAM   AND   ACiUEDUCT   DEPARTMENT. 

(The  itatemeot  of  the  work  of  this  depftrtment  has  been  prepared  by  Thomas  F.  Richardson,  Depart- 
ment Engineer.) 

The  principal  work  of  this  department  has  been  the  construction 
of  the  Wachusett  Dam  and  of  the  superstructure  of  the  lower  gate- 
chamber  of  the  dam,  the  construction  of  the  South  Dike  and  the 
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removal  of  soil  from  the  Wachusett  Reservoir  near  South  Clinton. 
The  depaitment  has  also  had  charge  of  the  operation  of  the  Wachu- 
sett Aqueduct  and  the  Clinton  sewage-disposal  system. 

The  organization  of  the  force  has  continued  practically  the  same 
as  during  the  previous  year.  Chester  W.  Smith,  division  engineer, 
continued  in  charge  of  the  work  at  the  Wachusett  Dam  until  De- 
cember 10,  when  he  resigned  to  accept  a  position  in  charge  of  the 
Roosevelt  Dam,  near  Phoenix,  Ariz.,  for  the  Reclamation  Service 
of  the  United  States  Geological  Survey.  Mr.  Smith,  in  addition 
to  his  duties  as  division  engineer,  acted  as  chief  inspector  at  the 
dam  during  the  progress  of  masonry  construction.  Moses  J.  Look, 
division  engineer,  has  had  charge  of  the  construction  of  the  South 
Dike  and  of  the  removal  of  soil  near  South  Clinton.  The  work  *in 
the  drafting  office  has  been  in  charge  of  Allen  E.  Shannan.  Elliot 
R.  B.  AUardice  has  continued  in  charge  of  the  river  and  aqueduct 
gagings,  and  has  direct  supervision  of  the  niaintenance  of  the  Clin- 
ton sewerage  plant.  He  has  also  had  charge  of  the  construction  of 
some  extensions  to  the  Clinton  sewage  disposal  system,  which  have 
been  built  by  day  labor  during  the  year. 

The  engineering  force  has  averaged  24  men  for  the  whole  year; 
there  were  also  10  masonry  inspectors. 

The  main  office  of  the  depaitment  is  in  Clinton,  and  a  branch 
office  has  been  maintained  at  the  Wachusett  Dam. 

Wachusett  Dam. 

The  design  of  the  Wachusett  Dam  and  the  contract  for  its  con- 
struction, which  was  made  with  the  McArthur  Brothers  Company 
on  October  1,  1900,  were  described  in  the  annual  report  of  January 
1,  1901.  The  plant  provided  for  the  work,  and  the  methods  of 
carrying  on  the  work,  both  at  the  quarry  and  at  the  dam,  were  fully 
described  in  the  annual  report  of  January  1,  1902.  There  has  been 
no  material  change  in  the  plant  or  in  the  methods. 

The  work  was  carried  on  without  inteiTuption  from  the  beginning 
of  the  year  until  December  24,  when  practically  all  work  was  shut 
down  for  the  winter.  Work  upon  the  masonry,  which  was  suspended 
on  account  of  cold  weather  on  December  8,  1903,  was  not  resumed 
until  March  24,  and  was  again  suspended  on  November  28.  The 
progress  on  the  work  has  been  good,  about  10,000  cubic  yards  more 
masonry  having  been   laid  during  the  past  year  than  during  any 
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previous  year.  The  work  is  considerably  behind  the  requirements 
of  the  contract,  which  provides  for  the  completion  of  the  whole 
work  on  November  15,  1904.  The  dam  has,  however,  been  carried 
to  a  suflScient  height  to  permit  the  storage  in  the  reservoir  of  as 
much  water  as  it  will  be  feasible  to  store  next  spring.  Rather  more 
than  15,000  cubic  yards  of  masonry  still  remain  to  be  built,  out  of 
a  total  of  273,000  cubic  yards,  —  an  amount  of  work  which  can 
easily,  be  accomplished  during  the  coming  season. 

Industrial  conditions  have  been  favorable  during  1904,  and  both 
common  and  skilled  labor  have  been  plentiful.  Sufficient  supplies 
of  all  kinds  have  been  readily  obtainable. 

Main  Darriy  Gate-chcnnbers  and  Tenninal  8t)'uctures. 

When  work  upon  the  masonry  was  suspended  in  1903,  the  masonry 
extended  across  the  valley  for  a  length  of  739  feet,  and  the  top  of 
the  masonry  was  at  an  average  elevation  of  345,  or  about  79  feet 
above  the  original  river  bed.  Short  masonry  cut-oif  walls  had  been 
built  at  both  ends  of  the  masonry  from  the  up-stream  face  of  the 
dam  to  the  ledge  rock,  to  prevent  water  from  going  around  the  low 
ends.  The  lowest  point  in  the  masonry  of  the  dam  between  the  cut- 
off walls  was  at  about  elevation  341.  The  substructure  of  the  lower 
gate-chamber  had  been  built,  and  four  48-inch  valves  for  control- 
ling the  flow  of  the  water  into  the  river  below  the  dam,  and  eight 
24-inch  valves  for  controlling  the  flow  of  the  water  into  the  Wachu- 
sett  Aqueduct,  had  been  placed  in  this  substructure. 

Excavation.  —  When  masonry  work  was  discontinued  in  December, 
1903,  the  excavation  at  the  easterly  end  had  been  extended  close  up 
to  the  tracks  over  which  stone  is  brought  from  the  quarry,  and  these 
tracks  were  as  near  as  possible  to  the  cableway  towers.  As  soon  as 
the  masonry  work  was  suspended  the  tracks  were  removed,  and  later 
were  carried  across  the  dam  on  a  timber  trestle  about  25  feet  high, 
which  rested  on  the  masonry  which  liad  already  been  built.  Prep- 
arations were  also  made  to  increase  the  span  of  both  cableways  from 
1,150  feet  to  1 ,250  feet.  New  tracks  for  the  head  towers  were  built 
100  feet  back  of  the  previous  tracks,  and  21  feet  higher.  The  head 
towers  were  then  raised  by  means  of  screw  jacks,  and  moved  on 
building  movers'  rolls  to  these  tracks,  the  cables  and  other  ropes 
being  taken  oflf  the  towers  while  they  were  being  moved.  The  re- 
moval of  the  first  tower  was  completed  on  February  4,  and  of  the 
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other  on  February  27.  The  new  tracks  on  which  the  cableways 
move  up  and  down  the  valley  were  reduced  in  length  from  500  feet, 
as  originally  built,  to  150  feet. 

As  soon  as  the  tracks  over  which  stone  is  brought  were  removed, 
the  work  of  excavation  was  resumed  and  was  continued  until  July 
9,  when  the  excavation  for  the  dam  at  the  easterly  end  was  com- 
pleted. Some  of  the  earth  removed  was  used  to  fill  the  trench  for 
the  dam  near  the  easterly  end  of  the  masonry,  and  the  remainder 
was  passed  by  derricks  to  the  cableways,  and  dumped  both  above 
and  below  the  dam  on  the  westerly  side  of  the  valley.  Considerable 
of  the  earth  from  between  the  cableway  towers  was  placed  back  of 
the  towers  to  form  the  road-bed  for  the  new  cableway  tracks.  Id 
filling  above  the  dam  on  the  easterly  side  of  the  river,  special  pre- 
cautions were  adopted  during  cold  weather  to  ensure  a  water-tight 
filling.  Arrangements  were  made  so  that  the  earth  filling  would  be 
puddled  by  dumping  into  water,  this  water  being  heated  by  the 
steam  from  two  boilers,  so  as  to  remove  any  frost  that  there  might 
be  in  the  earth.  The  rock  removed  was  placed  outside  of  the  earth, 
both  above  and  below  the  dam,  at  the  easterly  end,  and  was  used  for 
grading  the  grounds  below  the  dam. 

The  earth  overlying  the  rock  had  a  depth  of  about  35  feet,  and 
was  a  boulder  clay  so  hard  and  compact  that  it  was  found  economical 
to  loosen  it  by  blasting.  The  rock  uncovered  was  a  soft  black  or 
gray  schist,  and  the  average  depth  of  the  excavation  in  the  rock 
under  the  whole  base  of  the  dam  was  about  9  feet.  In  addition, 
a  cut-oiF  trench  20  feet  wide  was  excavated  to  a  depth  of  about 
15  feet  in  the  black  schist,  which  was  practically  impervious  to 
water.  This  cut-off  trench  extended  a  short  distance  under  the 
abutment. 

At  the  westerly  end  of  the  dam  the  excavation  of  earth  and  rock 
was  substantially  finished  in  1903,  except  the  westerly  40  feet  of  the 
cut-off  trench  in  the  rock.  This  trench,  which  is  20  feet  wide  under 
the  main  dam,  was  narrowed  somewhat  as  it  passed  through  the  site 
of  the  bastion,  and  has  a  Avidth  of  17  feet  at  the  junction  with  the 
waste-weir.  The  rock  under  the  bastion  was  a  hard  granite,  which 
was  less  seamy  than  the  rock  toward  the  lower  part  of  the  valley. 
It  was  consequently  necessary  to  excavate  this  part  of  the  cut-off 
trench  only  to  a  depth  of  10  feet  to  reach  rock  practically  free  from 
seams,  and  the  work  was  finished  in  May. 
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In  excavating  the  cut-off  trench  on  both  sides  of  the  valley,  the 
method  adopted  in  previous  years,  and  described  in  the  annual  re- 
port of  January  1,  1902,  of  drilling  3-inch  holes  6  inches  apart  on 
both  sides  of  the  trench,  was  followed. 

Masonry.  —  As  previously  stated,  masonry  construction  was  in 
progress  from  March  21  to  November  28.  When  masonry  work  was 
suspended,  the  main  dam  had  an  average  elevation  of  396,  equiva- 
lent to  1  foot  above  full-reservoir  level,  130  feet  above  the  original 
river  bed  and  188  feet  above  the  lowest  point  of  the  foundation  not 
in  the  cut-off  trench.  A  gap  about  20  feet  wide,  through  which 
pass  two  tracks  over  which  stone  is  brought  from  the  quarry,  has 
been  left  through  the  masonry,  the  bottom  of  this  gap  being  at 
about  elevation  369.  If  necessary,  this  gap  can  readily  be  built  up 
with  masonry  in  the  early  spring,  so  that  water  can  be  stored  to 
elevation  380.  A  few  of  the  coping  stones  of  the  dam  have  been 
set  at  the  easterly  end,  near  the  abutment.  The  total  length  of  the 
dam  is  1,476  feet,  made  up  of  waste-weir,  452  feet;  main  dam,  in- 
cluding the  terminal  structures,  971  feet;  and  corewall,  which  ex- 
tends beyond  the  terminal  structure  at  the  easterly  end,  53  feet. 
The  length  of  the  dam  between  terminal  structures  is  838  feet.  The 
rubble-stone  masonry  down  stream  from  the  centre  line  of  the  dam 
was  laid  as  before,  with  beds  inclined  upward  1  in  6  toward  the 
down-stream  face,  until  the  masonry  reached  elevation  370.  Above 
this  elevation  all  of  this  class  of  masonry  has  been  laid  with  practi- 
cally horizontal  beds. 

A  large  part  of  the  terminal  structure  at  the  easterly  end  of  the 
dam,  which  is  known  as  the  abutment,  has  been  built,  some  of  the 
string  course  stone  at  elevation  415  having  been  set.  The  section 
of  the  rubble  masonry  corewall  which  was  built  in  1903  has  been 
extended  so  as  to  connect  with  the  abutment.  The  6  concrete  piers 
for  supporting  the  floor  of  the  abutment  have  been  partially  built. 
About  137  feet  of  the  retaining  wall,  extending  200  feet  up  stream 
from  the  abutment,  have  been  completed. 

The  top  of  the  masonry  at  the  upper  gate-chamber  is  at  elevation 
396.  Six  ports  or  openings  have  been  constructed  to  each  of  the 
4  wells  in  the  upper  gate-chamber.  These  ports  are  between  eleva- 
tions 330  and  390,  and  will  admit  water  to  the  48-inch  pipes  through 
the  dam.  Eight  sluice  gatCvS,  each  6  feet  high  and  2.5  feet  wide, 
which  will  regulate  the  flow  of  water  through  the  dam,  have  been 
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placed  in  the  wells  in  the  upper  gate-chamber,  and  the  gate  stands 
for  operating  these  gates  have  been  set  in  a  tempomry  manner. 

The  masonry  of  the  terminal  structure  at  the  westerly  end  of  the 
main  dam,  which  is  known  as  the  bastion,  has  been  built  to  eleva- 
tion 404. 

Waste  Channel  and  Waste-ivetr. 

Work  has  been  in  progress  excavating  roek  from  the  waste 
channel  for  nearly  the  whole  year,  most  of  the  rock  excavated  being 
hauled  to  the  westerly  portion  of  the  North  Dike,  a  distance  of 
about  2  miles,  to  be  used  as  riprap.  After  November  17  the  rock 
was  used  as  filling  below  the  bastion  and  as  riprap  above  the  dam. 
During  the  early  part  of  the  year  the  work  done  was  in  the  upper 
part  of  the  waste  channel  in  front  of  the  waste-weir,  where  a  channel 
of  varying  width  and  depth,  but  averaging  about  70  feet  wide  and 
6  feet  deep,  was  excavated  in  the  rock  in  order  to  furnish  sufficient 
waterway  to  remove  the  water  which  may  flow  over  the  waste-weir. 
This  channel  is  narrower  and  deeper  where  it  passes  under  the  loca- 
tion of  the  permanent  line  of  the  Central  Massachusetts  Railroad, 
the  rock  excavation  being  about  50  feet  wide  and  20  feet  deep  at 
this  point.  Most  of  the  rock  and  all  of  the  earth  in  the  waste 
channel  have  beea  excavated,  except  that  under  the  temporary  loca- 
tion of  the  Central  Massachusetts  Bailroad,  which  cannot  be  removed 
until  the  railroad  is  changed  to  its  permanent  location. 

The  earth  excavation  Avas  largely  finished  during  1903,  but  a 
small  amount  of  earth  has  been  excavated  near  the  upper  end,  and 
used  for  filling  below  the  bastion.  The  earth  slopes  of  the  waste 
channel  below  the  railroad  crossing  have  been  trimmed,  and  on  the 
southerly  side  have  l)een  covered  with  soil  and  seeded.  Some  soil 
has  been  delivered  on  the  northerly  side  of  the  channel,  but  has 
not  been  placed  on  the  slopes. 

The  24-inch  cast-iron  pipe  which  supplies  the  Lancaster  Mills 
with  water  crosses  the  waste  channel  near  its  lower  end,  and  the 
bottom  of  the  pipe  as  originally  laid  was  at  the  same  level  as  the 
bottom  of  the  waste  channel.  To  ensure  the  safety  of  this  pipe 
when  water  is  running  in  the  waste  channel,  it  has  been  placed  in  a 
trench  5  feet  deep,  excavated  in  the  rock  which  forms  the  bottom  of 
the  channel.  In  refilling  this  trench,  the  upper  18  inches  was  filled 
with  Portland  cement  concrete. 

At  the  site  of  the  waste-weir,  the  rock,  most  of  which  had  been 
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uncovered  the  preceding  yeai',  was  found  to  be  freer  from  seams  than 
in  the  lower  part  of  the  valley.  This,  together  with  the  fact  that 
for  most  of  the  length  of  the  waste- weir  the  flow  line  of  the  reservoir 
is  15  feet  or  less  above  the  surface  of  the  rock  below  the  masonry, 
has  made  it  necessary  to  excavate  but  very  little  rock  to  obtain  a 
suitable  foundation.  For  about  165  feet  from  the  bastion  a  cut-ofl 
trench  10  feet  wide  and  about  8  ieet  deep  was  excavated  under  the 
up-stream  portion  of  the  waste-weir.  In  excavating  this  trench, 
3-inch  holes  6  inches  on  centres  were  drilled  on  tl^e  down-stream 
side  of  the  trench  for  most  of  the  distance.  The  rock  from  the 
trench  was  then  removed,  largely  by  blasting,  but  care  was  taken  to 
disturb  as  little  as  possible  the  lower  side  of  the  trench.  Under  the 
remaining  285  feet  of  the  waste-weir  the  rock  was  prepared  for  the 
masonry  by  barring  and  wedging,  rather  more  than  2  feet  of  rock 
on  an  average  being  removed,  though  in  one  place  it  was  necessarv'^ 
to  remove  over  6  feet  of  rotten  rock  before  obtaining  a  suitable  foun- 
dation. 

Masonry  of  Waste-weir  and  Retaining  Wall. 

Work  was  begun  on  masonry  at  the  waste-weir  early  in  June,  and 
about  390  linear  feet  have  been  completed,  leaving  60  linear  feet 
still  to  be  built,  but  the  part  remaining  to  be  built  is  only  about  7 
feet  high.  No  masonry  work  has  been  done  on  the  small  abutment 
at  the  westerly  end  of  the  waste- weir. 

Extending  along  the  easterly  side  of  the  waste  channel  from  the  bas- 
tion, to  and  beyond  the  arch  bridge  which  will  carry  the  tracks  of  the 
Central  Massachusetts  Railroad  across  the  waste  channel,  is  a  retain- 
ing wall  which  has  a  height  of  over  26  feet  above  the  bottom  of  the 
channel  near  the  bastion ;  195  linear  feet  of  the  higher  part  of  this 
wall  have  been  finished.  Immediately  below  the  waste- weir  and 
against  the  retaining  wall  the  ledge  rock  was  lower  than  the  sur- 
rounding rock  in  the  waste  channel.  This  hole  has  been  filled, 
partly  with  rubble  masonry,  covered  with  ashlar  paving  2  feet  thick, 
and  partly  with  Portland  cement  concrete  masonry.  The  paving  is 
22|-  feet  below  the  full-reservoir  level. 

Arch  Bridf/e  a7id  Retaining  Wall  near  Lower  End  of  Waste 

Channel, 

An  arch  bridge  having  a  span  of  35  feet  6  inches  has  been  con- 
structed across  the  lower  end  of  the  waste  channel,  affording  access 
to  the-gpounds  below  the  dam  from  Grove  Street  on  the  westerly 
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side  of  the  pond  below  the  dam.  The  arch  of  this  bridge  is  built  of 
Portland  cement  concrete  masonry,  faced  at  the  ends  with  stone. 
The  stone  parapet  walls  and  face  walls  are  curved  in  plan,  the  radius 
of  the  curve  midway  between  the  parapet  walls  being  about  275  feet. 
The  total  length  of  the  parapet  walls,  the  tops  of  which  are  3  feet  2 
inches  above  the  finished  roadway,  is  about  131  feet,  and  the  road- 
way is  20  feet  wide. 

Arch  Bridge  for  the  Central  Massachusetts  Railroad. 

This  bridge,  which  will  have  a  span  of  nearly  58  feet,  while  not 
included  in  the  original  contract  for  the  dam,  is  to  be  built  by  the 
contractor  for  the  dam  under  a  supplementary  agreement.  It  crosses 
the  waste  channel  at  a  considerable  angle  about  225  feet  below  the 
waste-weir.  The  arch  will  be  built  of  Portland  cement  concrete 
faced  at  the  ends  with  rubble  masonry.  Some  work  has  been  done 
preparing  foundations,  but  no  masonry  has  been  built. 

Amount  of  Work  done  and  of  Materials  used. 

The  following  table  gives  the  amount  of  work  done  to  the  end  of 
1901,  the  amount  of  work  done  during  1902,  1903  and  1904,  the 
total  amount  of  work  done  to  the  end  of  1904  and  the  total  esti- 
mated amount  required  by  the  contract :  — 


To 

December 

81, 190U 


Id 
1002. 


In 
1903. 


In 
1904. 


Total  to 

Deoember 

81,  1904. 


ToUl 

B«ttmat6d 

Amonot. 


Barth  excavation  (cable  yards), . 
Rook  ezeavatlon  (cubic  yards),  . 
Rabble  stone  maaonrv  (cable  yards), 
Ashlar  masonry  (cable  yards),    . 
Dimension  stone  masonry  f cable  yards), 
Brick  masonry  (cable  yards). 
Concrete  masonry  (cable  yards), 
Iron  and  other  metal  work  (tons). 


48.000 

81,000 

68,806 

50,000 

308,600 

24,870 

12,020 

18,800 

36.810 

02,000 

38,486 

65,686 

60,180 

76,508  < 

*    280,000 

65 

684 

2,015 

4,005 

7,660 

. 

58 

417 

880 

1,805 

,                  - 

407 

281 

808 

1,086 

- 

5,284 

1,006 

014 

8,104 

.                  " 

582 

71 

46 

600 

323,000 

05.000 

352,000 

8,850 

3,850 

1,160 

0,850 

000 


The  number  of  barrels  of  cement  used  in  the  work  at  the  dam  has 
been  as  follows  :  — 


Portland  cement, 
Natnral  cement. 

Totals, 


To 

December 

81, 1001. 

In  1002. 

In  1003. 

In  1004. 

Total  to 

December 

81,1004. 

17,708 
8,802 

21,865 
52,806 

18,710 
51,638 

16,561 
61,780 

74.848 
175,060 

26,505 

74,761 

70,252 

78,800 

240,008 

90 


METROPOLITAN   WATER 


[Pub.  Doc. 


Of  the  cement  used  during  1904,  all  of  the  natural  cement  has 
been  of  the  Union  brand,  and  12,421  barrels  of  the  Portland  cement 
have  been  of  the  Giant  brand,  both  cements  being  manufactured  by 
the  American  Cement  Company  of  Egypt,  Pa. ;  4,140  barrels  of 
Lehigh  Portland  cement  have  also  been  used. 

The  amount  of  cement  used  in  the  dam  per  cubic  yard  of  each 
class  of  rubble  masonry  from  the  beginning  of  the  work  has  been  as 
follows :  — 


Composition  or  &[ortab  bt  Mbasubk. 

Barrels  of 
Cement  per 
Cable  Yard. 

Cable  Tarda 
built. 

1  p«rt  DAtural  cement  to  1  part  Band, 

1  part  natoral  cement  to  2  part*  aand 

1  part  Portland  cement  to  3  paru  sand, 

1  part  Portland  cement  to  2}  partB  sand, 

1  part  Portland  cement  ti>  3  part*  aand, 

1.43 
O.M 
1.06 
0.B6 
0.70 

184 

172,261 

81,070 

8,026 

23,517 

The  amount  of  cement  used  in  the  dam  per  cubic  yard  of  each 
class  of  concrete  masonry  has  been  as  follows  :  — 


COXPOSITION  OF  CONCBBTB  BT  MBASDRE. 

Barrels  of 
Oement  per 
Cable  Yard. 

Coble  Yarda 
bailt. 

1  part  natural  cement,  2  parts  aand  and  5  parte  etone 

1  part  natural  cement,  8  parte  aand  and  6  parts  atone,    .... 
1  part  Portland  oement,  2^  parta  aand  and  4^  parte  atone, 

1  part  Portland  cement,  8  parta  aand  and  6  parta  atone 

1  part  Portland  cement  4  parts  aand  and  8  parta  sione, .... 

1.88 
1.15 
1.43 
I.IO 
0.70 

005 

18 

5,832 

1,087 

172 

Miscellaneous  Notes, 

All  masonry  built  before  April  12  and  toward  the  latter  part  of 
the  season  —  masonry  likely  to  be  exposed  to  the  action  of  the  frost 
—  was  laid  in  Portland  cement  mortar,  mixed  in  the  proportion  of  3 
parts  of  sand  to  1  part  of  cement.  After  November  3  all  masonry 
was  so  laid.  The  water  used  for  mixing  mortar  was  heated  after 
October  27.  Between  April  12  and  November  3  most  of  the  ma- 
sonry was  laid  in  natural  cement  mortar  mixed  in  the  proportion  of. 
2  parts  of  sand  to  1  part  of  cement ;  but  Portland  cement  mortar 
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mixed  in  the  same  proportions  as  the  natural  cement  mortar  was 
used,  as  in  previous  years,  for  the  masonry  in  the  cut-off  trench, 
for  masonry  inmiediately  above  the  ledge  rock  and  in  the  upper 
gate-chamber. 

The  largest  amount  of  rubble  masonry  laid  in  the  dam  during  any 
week  was  during  the  week  ending  June  25,  when  11  derricks  were 
in  operation,  and  3,459  cubic  yards  were  laid.  During  that  week 
about  42  cubic  yards  of  ashlar  masonry  were  also  laid.  The  average 
amount  of  rubble  masonry  laid  per  day  by  each  mason  has  been  13 
cubic  yards,  and  by  each  derrick  56.1  cubic  yards.  This  very  large 
accomplishment  has  been  possible  because  of  the  very  complete 
appliances  for  furnishing  materials  to  the  work. 

The  building  of  concrete  masonry  has  been  entirely  in  the  day- 
time, and  the  concrete  has  been  mixed  by  hand. 

A  large  amount  of  work  has  been  done  grading  the  grounds  below 
the  dam  both  in  the  bottom  of  the  valley  and  on  the  hillsides.  In 
connection  with  the  construction  of  the  Wachusett  Aqueduct  and 
Central  Massachusetts  Railroad  tunnels  large  quantities  of  waste 
rock  were  dumped  on  the  easterly  hillside  below  the  dam,  and  exca- 
vations have  been  made  on  the  hillside  for  the  dam  and  for  the 
tracks  on  which  the  stone  was  brought  to  the  dam.  These  tunnel 
'dumps  have  been  to  a  large  extent  removed  and  graded,  the  excava- 
tions for  ^he  tracks  and  for  the  dam  have  been  filled,  and  a  large 
part  of  the  hillside  has  been  covered  with  soil  stripped  from  the 
reservoir.  In  the  bottom  of  the  valley  the  grounds  around  the 
pool  and  the  lower  gate-chamber  have  been  graded  and  nearly  all 
covered  with  soil  obtained  from  the  bottom  of  the  old  mill-pond. 
Foundations  for  the  drives  and  paths  below  the  dam,  consisting  of 
about  18  inches  in  depth  of  stone  from  the  tunnel  dumps,  have  been 
placed,  and  the  paths  have  been  finished  with  a  coating  of  fine 
screened  stone  from  these  dumps. 

The  stone  for  the  rubble  masonry  is  still  obtained  from  the  quarry, 
about  1^  miles  from  the  dam.  The  stone  for  the  ashlar  and  dimen- 
sion stone  masonry  has  all  been  obtained  from  the  quarry  of  H.  E. 
Fletcher  &  Co.,  at  West  Chelmsford,  Mass. 

The  maximum  force  employed  by  the  contractor,  including  the 
men  employed  at  the  Chelmsford  quarry,  was  during  the  week  end- 
ing July  30,  when  778  men  and  54  horses  were  employed.  At  that 
time  141  men  were  employed  at  the  Chelmsford  quarry. 


92  METROPOLITAN   WATER  [Pub.  Doc. 


Contract  276 ^  Conner y  d*  Wentioorth. 

Superstructure  of  the  lower  gcUe-chcmtber  of  the  WaehuseU  Dam ;  date  of  conlraei^ 

March  IS,  1904;  amount  of  contract,  f  72,937.34. 

This  building  covers  the  gates  and  other  works  used  for  control- 
ling the  flow  of  water  to  the  Wachusett  Aqueduct  and  to  the  river 
below  the  dam,  and  in  it  may  be  installed  machinery  for  generating 
power.  It  is  104  feet  6  inches  long,  74  feet  wide,  outside  dimen- 
sions, and  the  ridge  of  the  roof  is  about  59  feet  above  the  ground. 
A  large  part  of  the  interior  of  the  building  is  taken  up  by  one  large 
room,  74  feet  1  inch  long  by  64  feet  wide,  the  ceiling  of  which  is 
about  37  feet  above  the  floor.  In  addition,  there  arc  8  smaller  rooms 
and  a  large  storage  room  at  the  easterly  end,  which  will  be  used 
for  various  purposes  in  connection  with  the  operation  of  the  works. 

The  exterior  walls  are  of  fine  pointed  granite  obtained  from  the 
quarry  of  H.  E.  Fletcher  &  Co.  at  West  Chelmsford,  Mass, ;  the 
interior  is  finished  with  red  face  brick,  and  the  roof  is  covered  with 
Conosera  Spanish  roof  tiles. 

The  contractor  began  to  set  up  a  derrick  and  build  an  office  and 
storage  sheds  on  May  2,  the  first  stone  was  set  on  May  16  and  the 
work  on  the  contract  was  completed  on  December  22.  The  maxi- 
mum force  employed,  including  the  men  employed  at  the  Chelms- 
ford quarry,  was  during  the  week  ending  June  18,  whey  110  men 
and  7  horses  were  employed.  Seventy-five  of  these  men  were 
employed  at  the  quarry. 

The  contract  price  for  the  superstructure  was  $72,937.34. 

The  work  under  this  contract  has  been  performed  in  a  con- 
scientious and  workmanlike  manner,  and  the  exterior  stonework  has 
been  particularly  well  executed. 

A  Gurney  heating  plant  has  been  installed,  and  the  building  wired 
for  electric  lights  by  employes  of  the  Board. 

South  Dike. 

Contract  275^  John  F.  Magee  &  Co. 

Dale  of  contract,  December  26, 1903;  amount  of  contract,  $139,411,04, 

This  contract  called  for  soil  stripping  from  about  87  acres  of  the 

site  of  the  Wachusett  Reservoir,  and  the  construction  of  the  South 

Dike,  except  the  placing  of  the  heavier  riprap.     Included  in  the 

work  is  the  excavation  of  a  cut-off  trench,  the  refilling  of  this  trench 
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with  compacted  soil  from  the  reservoir,  the  excavation  of  soil  and 
earth  from  spoil  banks  and  borrow  pits,  and  the  placing  of  soil  and 
earth  in  the  dike,  also  the  placing  of  the  two  lighter  grades  of  rip- 
rap. The  South  Dike  was  fully  described  in  the  last  annual  report. 
Work  was  begun  under  this  contract  on  January  5,  in  excavating 
irom  the  cut-off  trench,  and  on  January  7  an  additional  force  was 
put  at  work  excavating  sand  and  gravel  from  a  borrow  pit  and  haul- 
ing same  to  what  formerly  was  Carville*s  ice  pond,  where  2.7  acres 
of  deep  muck  were  covered  to  a  depth  of  about  1  foot.  Work  was 
continued  through  the  winter,  in  excavating  from  the  cut-off  trench 
and  from  borrow  pits,  the  material  being  used  for  covering  the 
muck  and  for  making  the  fill  of  the  dike.  The  winter  was  an  unusu- 
ally severe  one,  the  snowfall  being  considerable  and  the  temperature 
lower  than  in  most  winters,  making  the  work  difficult.  The  con- 
tract for  this  work  provided  that  on  or  before  April  1,  1904,  the 
contractor  should  substantially  complete  the  whole  cut-off  trench, 
and  should  have  200  linear  feet  of  the  lowest  portion  of  the  trench 
in  readiness  for  the  treatment  of  the  rock.  The  contractor  did  not 
succeed  in  finishing  the  200  feet  on  the  date  specified,  owing  to 
the  severe  weather ;  but  the  treatment  of  the  rock  in  the  higher 
part  of  the  trench  was  commenced  on  March  31,  and  this  work 
will  be  described  further  on.  The  amount  ot  material  to  be 
handled,  and  the  limited  time  available  for  the  work,  made  it 
necessary  that  over  45,000  cubic  yards  of  material  per  month 
should  be  handled.  This  required  the  provision  of  a  very  consid- 
erable plant,  which  was  as  follows  :  — 

4  locomotives  (2  12-ton,  2  16-ton),  made  by  the  Vulcan  Iron  Works,  Wilkes- 

barre,  Pa. 
1  steam  shovel,  dipper  2|  yards  capacit}^  made  by  John  Souther  <&  Co.,  Boston, 

Mass. 
80  ears  for  hauling  soil.  Si  cubic  yards  capacity,  made  by  the  Ryan  &  McDonald 

Manufacturing  Company,  Baltimore,  ^^d. 
40  cars  for  hauling  gravel,  3  cubic  yards  capacity,  made  by  the  same  company  as 

the  cars  for  the  soil. 
4}  miles  of  track. 

The  contractor  also  provided  40  cars  of  1 J  cubic  yards  capacity, 
but  these  cars  were  not  used.  In  addition,  a  large  number  of  teams 
were  used. 
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The  principal  quantities  of  work  done  were  as  follows  :  — 

Grubbing  (acres), 66 

Soil  excavation  (cubic  yards), 157,786 

Earth  excavation  (cubic  yards) 36,096 

Earth  excavation  from  borrow  pits  (cubic  yards), 224,075 

Rock  excavation  (cubic  yards), 947 

Riprap  (cubic  yards), 7,687 

Paving  (cubic  yards), 29 

The  work  on  this  contract  was  completed  on  December  8.  The 
maximum  force  employed  was  365  men  and  94  horses,  for  the  week 
ending  Jane  18. 

Treatment  of  Rock  in  Cut-off  Trench. 

As  before  stated,  this  work  was  begun  on  March  31,  and  was  done 
largely  by  a  day-labor  force,  though  at  times  the  contractor  fur- 
nished a  portion  of  the  men.  After  the  trench  was  excavated  to 
rock  by  the  contractor,  all  loose  and  broken  rock  was  removed  by 
means  of  bars  and  wedges.  The  surface  of  the  rock  was  then  care- 
fully cleaned  with  brooms,  and  washed  off,  by  means  of  a  hose, 
with  water  under  a  considerable  pressure,  a  pipe  line  3,180  feet 
long  having  been  laid  and  connected  with  the  water  system  of  the 
town  of  Clinton,  to  furnish  the  water.  All  seams  were  carefully 
cleaned  out  and  filled  with  rich  Portland  cement  mortar,  or,  if  large, 
with  stone  laid  in  mortar.  Rubble  masonry  was  built  under  all 
overhanging  rock  which  could  not  be  removed  with  bars  and  wedges. 
The  entire  surface  treated  was  then  covered  with  a  thick  Portland 
cement  grout,  composed  of  equal  parts  of  cement  and  fine  sand, 
which  was  applied  by  a  broom,  the  surface  of  the  rock  being  first 
wet.  The  total  length  of  cut-off  trench  treated  in  this  way  was 
1,884  feet,  and  the  area  treated  was  42,280  square  feet.  The  bot- 
tom of  the  trench  at  the  lowest  point  is  50  feet  below  full-reservoir 
level.     The  work  was  finished  May  21. 

The  maximum  force  employed  was  68  men,  for  the  week  ending 

April  30. 

Clinton  Sewerage  Settling  Basins. 

Eight  settling  basins  have  been  added  to  the  Clinton  sewerage 
system.  These  basins  are  located  immediately  south  of  the  filter- 
beds,  alongside  and  east  of  the  24-inch  vitrified  pipe  main  which 
conducts  sewage  to  the  filter-beds.     Each  basin  has  a  capacit}'  of 
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about  237,000  gallons,  is  about  320  feet  long,  and  has  a  width  at 
the  water  line  of  about  33  feet,  the  basins  being  separated  from 
each  other  by  longitudinal  banks  of  soil,  which  have  side  slopes  of 
iy2  horizontal  to  1  vertical.  When  the  basins  are  in  operation  the 
sewage  will  have  an  average  depth  of  about  4  feet  below  the  over- 
flow.  The  basins  are  built  mostly  above  the  original  surface  of  the 
ground,  the  surface  soil  forming  a  bottom  which  allows  but  little 
water  to  pass  through.  Running  under  the  longitudinal  banks 
which  separate  the  basins  are  6-inch  vitrified  pipe  underdrains,  the 
bottoms  of  which  are  2  feet  below  the  bottoms  of  the  basins.  These 
underdrains  are  intended  to  intercept  any  water  which  may  pass 
through  the  soil  which  forms  the  bottoms  and  sides  of  the  basins, 
and  convey  it  to  some  small  filter-beds  where  it  can  be  refiltered. 
These  small  filter-beds  have  an  aggregate  area  of  .83  acres,  and  the 
soil  removed  in  preparing  them,  together  with  6  inches  of  soil  from 
the  six  beds  of  the  existing  system  from  which  the  soil  was  not 
removed  when  they  were  built,  was  used  for  constructing  the  banks 
which  form  the  basins.  Each  basin  has  inlet  and  outlet  structures 
built  of  Portland  cement  concrete,  which  contain  gates  for  con- 
trolling the  flow  of  sewage  and  for  emptying  the  basins.  The 
basins  are  so  arranged  that  all  or  a  part  of  the  sewage  can  be  passed 
through  them,  or  all  of  it  can  be  delivered  as  formerly  directly  to 
the  filter-beds. 

The  principal  quantities  of  work  done  were  as  follows  :  — 

Earth  excavatioD  (cubic  yards), 11,720 

Portland  cemeDt  concrete  1 :2i  :4i  (cubic  yards), 148 

24 -inch  vitrified  pipe  laid  (linear  feet), 817 

18-ineb  vitrified  pipe  laid  (linear  feet), 319 

8-inch  vitrified  pipe  laid  (linear  feet), 1,212 

6-inch  vitrified  pipe  laid  (linear  feet) 2,808 

The  cost  of  this  work,  which  was  done  by  a  day-labor  force  be- 
tween September  1  and  November  3,  including  engineering,  was 
$7,242.13.  The  maximum  force  employed  was  40  men  and  16 
horses,  for  the  week  ending  October  1. 

Relocation  of  Central  Massachusetts  Railroad. 

No  contract  work  has  been  done  on  the  relocation  of  the  Central 
Massachusetts  Railroad  during  the  year.  A  day-labor  force  has 
graded   the  approaches   to  and   built  an  overgrade  timber   bridge 
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across  the  railroad  at  a  form  crossing  on  the  Moran  land  near 
West  Berlin.  The  ends  of  this  bridge  are  supported  on  masonry 
abutments,  and  the  timber  bents  on  masonry  piers  built  of  Port- 
land cement  concrete.  A  day-labor  force  has  also  built  two  catch- 
basins,  and  laid  210  feet  of  10-inch  Akron  pipe  to  provide  drain- 
age for  the  roadway  at  the  undergrade  highway  crossing  near  West 
Berlin. 

The  maximum  force  employed  was  34  men  and  7  horses,  during 
the  week  ending  June  25. 

Roads  and  Bridges. 

When  Boykton  Street  was  constructed  in  a  new  location,  in  1898, 
a  temporary  bridge  was  built  over  a  portion  of  the  Central  Massachu- 
setts Railroad,  which  has  since  been  discontinued.  This  bridge  was 
removed  and  a  permanent  embankment  has  been  built  in  its  place. 
About  3,100  cubic  yards  of  earth  were  handled  in  making  the  em- 
bankment. A  culvert,  consisting  of  120  linear  feet  of  24-inch  cast- 
iron  pipe,  was  built  at  this  place. 

Mortar  Experiments. 

Mention  was  made  in  the  last  annual  report  of  experiments  made 
to  determine  the  effect  of  the  addition  of  salt  to  mortar  where  not 
subjected  to  freezing,  the  salt  being  added  in  the  proportion  of  4 
and  8  pounds  per  barrel  of  cement.  In  this  series  of  experiments 
360  briquettes  were  made,  but  only  part  of  them  had  been  broken 
at  the  time  of  the  last  report.  All  of  these  briquettes  have  now  been 
broken,  and  the  results  obtained  indicate  that  mortar  to  which  salt 
has  been  added  in  the  proportions  mentioned  is  about  20  per  cent, 
stronger  than  when  salt  has  not  been  used. 

Cement   Tests. 

The  usual  tables  of  tests  of  cements  used  in  the  dam  and  other 
works  at  the  Wachusett  Reservoir  and  in  the  Weston  Aqueduct  may 
be  found  in  Appendix  No.  2. 
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WESTON   AQUEDUCT   DEFABTMENT. 

(Horace  RopeB«  Departmeot  Eogineer  to  May  26,  when  the  department  waa  abolished,  and  the  work 
remaining  to  be  done  waa  placed  in  charge  of  Dexter  Brackett,  Engineer  of  the  Sodbnry  and  Dia- 
tribotloD  Departmenta.) 

At  the  end  of  the  year  1903  the  Weston  Aqueduct  and  Reservoir 
were  so  nearly  finished  that  they  had  been  placed  in  service.  The 
only  contract  work  remaining  to  be  done  was  at  the  Weston  Reser- 
voir, where  the  work  was  chiefly  the  spreading  of  loam  over  the 
surfaces  of  embankments  and  the  completion  of  the  screen-chamber. 
Along  a  large  part  of  the  aqueduct  and  around  the  reservoir  there 
remained  the  final  grading  and  seeding  of  embankments,  the  build- 
ing of  fences  and  the  setting  of  stone  bounds.  All  of  this  work 
has  been  completed  during  the  year. 

The  engineering  force  engaged  upon  the  work  numbered  36  at 
the  beginning  of  the  year  and  1  at  the  end  of  the  year.  In  the 
early  part  of  the  year  the  force  was  employed  in  the  preparation  of 
final  estimates  of  the  work  done  under  contracts  and  upon  record 
plans.  The  principal  engineers  completed  their  work  as  follows : 
Marshall  Nevers,  division  engineer,  April  2 ;  Dan  B.  Clark,  divi- 
sion engineer,  April  16;  George  W.  Booth,  division  engineer, 
August  9  ;  Walter  W.  Patch,  assistant  engineer  in  charge  of  records, 
drafting  and  computing  at  the  Saxonville  office,  June  30.  George 
A.  Winsor,  assistant  engineer,  has  continued  on  the  work  through- 
out the  year. 

The  branch  office  at  Wayland  was  discontinued  on  February  29, 
the  Saxonville  office  on  June  30,  and  the  Weston  office  on  July  16. 

Contracts. 

Nawn  &  Brook,  contractors  for  Section  14  of  the  AVeston  Aque- 
duct (open  channel)  and  sections  1  and  2  of  the  Weston  Reservoir, 
resumed  the  work  of  grading  the  embankments  near  the  channel 
and  reservoir  on  April  9,  and  completed  all  the  work  under  their 
contracts  on  May  20.  It  was  not  feasible,  on  account  of  the  cold 
weath'er  in  December,  1903,  to  remove  the  earth  from  the  surfaces 
of  the  rock  in  the  reservoir  as  thoroughly  as  was  desired,  and  early 
in  April  the  water  in  the  reservoir  was  drawn  down  about  9  feet,, 
and  all  rock  surfaces  to  a  depth  of  not  less  than  6  feet  below  the 
full-reservoir  level  were  thoroughly  cleaned. 
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The  principal  quantities  of  work  performed  under  these  contracts 
were  as  follows  ;  — 

Clearing  and  grubbing  (acres), 37 

Earth  excavation  (cubic  yards), 629,890 

Rock  excavation  (cubic  yards), 8,252 

Riprap  (cubic  yards), 3,286 

Slope  paving  (cubic  yards), 1,171 

Portland  cement  concrete  masonry  (cubic  yards), 3,537 

Ashlar  masonry  (cubic  yards), 46 

Dimension  stone  masonry  (cubic  yards), 39 

The  total  value  of  the  work  done,  as  shown  by  the  final  esti- 
mates, was  $247,198.07. 

The  Woodbury  &  Leighton  Company,  contractors  for  the  channel 
and  screen-chambers,  resumed  work  on  the  screen-chamber,  and 
completed  it  on  April  8.  The  amount  of  their  contract  was 
$12,484.75. 

Additional  Work  on  Aqueduct  and  Reservoir. 

Early  in  the  spring  the  work  of  building  fences,  setting  stone 
bounds,  grading  and  seeding  the  aqueduct  embankments  and  the 
grounds  around  the  reservoir  was  resumed,  and  continued  until  the 
latter  part  of  October,  when  the  work  was  finished.  This  work 
was  done  by  day- labor  forces,  under  the  direction  of  Mr.  Winsor 
and  the  superintendents  of  the  Sudbury  and  Distribution  Depart- 
ments. It  included  the  building  of  8B,543  feet  of  fences,  the  grad- 
ing and  seeding  of  8G  acres  of  land,  the  setting  of  about  600  stone 
bounds,  the  surfacing  of  a  driveway  1,600  feet  long  from  Newton 
Street  to  the  screen-chamber  at  the  Weston  Reservoir,  the  excava- 
tion of  2,100  linear  feet  of  drainage  ditches,  the  laying  of  230  feet 
of  10-inch  Akron  pipe  at  the  reservou:,  and  the  construction  of  a 
paved  channel  735  feet  long  near  the  westerly  portal  of  tunnel  No. 
2,  for  the  purpose  of  preventing  the  washing  of  the  slopes  by  surface 
water. 

Gages  for  indicating  the  elevation  of  the  water  have  been  placed 
in  the  channel  and  screen-chambers  at  the  Weston  Reservoir,  and  in 
the  terminal  chamber  of  the  aqueduct.  Recording  gages,  one  show- 
ing the  elevation  of  the  water  in  the  aqueduct  and  one  the  depth  of 
water  on  the  measuring  weir,  have  been  placed  in  the  head  chamber 
near  the  Sudbury  Dam. 


No.  57.] 


AND   SEWERAGE   BOARD. 


99 


Large  gates  provided  with  hoisting  appamtus  have  been  set  in  the 
siphon  chambers,  and  stop-planks  have  been  made  for  use  at  other 
chambers. 

Quantity  and  Cost  of  Work  done  in  constructing  Aqueduct, 

Reservoir  and  Supply  Pipe  Line. 

The  following  tables  show  the  quantities  and  the  cost  of  the  work 
done  in  the  construction  of  the  aqueduct,  reservoir  and  supply  pipe 
line.  It  is  a  summary  of  the  contract  work,  made  from  the  final 
estimates,  and  does  not  include  the  work  done  by  the  contractors 
as  extra  work,  or  the  engineering  or  the  preliminary  and  additional 
work  done  by  day-labor  forces. 

Quantities  and  Cost  of  Work  done  in  the  Constntction  of  the  Weston  Aqueduct. 


Clabs  of  Work. 


Qoantity. 


CoBt  per 
UdU. 


Earth  ezeavation  (oublo  yards), 

Borrowed  earth  (cubic  yards) 

Overhaal  (oobioyaidB), 

Bock  excavation  (cubic  yards), 

Tunnel  excavation  (cubic  yards), 

Dry  filling  over  arch  in  tunnel  (linear  feet),      .... 

Tunnel  drainage  (linear  feet), 

Brick  masonry  not  in  tunnel  (cubic  yards),       .... 

Brick  masonry  in  tunnel  (cubic  yards), 

Natural  cement  concrete  masonry  not  in  tunnel  (cubic  yardi«), 
Portland  cement  concrete  masonry  not  in  tunnel  (cubic  yards), 
Portland  cement  concrete  masonry  in  tunnel  (cubic  yards),    . 
Dimension  stone  masonry  (cubic  yards),   . 

Ashlar  masonry  (cubic  yards) 

Face  dressing  of  pointed  work  (square  feet),    .... 

Face  dressing  of  six-cut  work  (square  feet) 

Dry  rubble  stone  masonry  and  paving  (cubic  yards). 

Riprap  (cubic  yards) 

Lumber  (feet  B.  if.), 

Furnishing  and  laying  7. 5- foot  steel  pipe  (linear  feet),     . 

60'inch  Ventori  meters, 

Superstmctures, 


Iron  and  steel  work,  including  60-lnch  and  48-inoh  pipes  between  Sud. 
bury  Dam  and  head*house,  pipes  for  culverts,  castings  for  siphon 
chambers,  blow-off  pipes  for  siphons,  valves  and  steel  and  iron  work 
for  connections  and  chambers,  including,  genemlly,  the  cost  of  haul- 
ing and  laying  or  placing  same, 


650,231 
321,245 
880,813 
46,735  I 
66,201  I 
11,888  ' 
12,165  I 
14,210  ; 

76  I 

I 

72.108  . 
57,883 

22,451  ' 

t 
875 

81 

7,560  ' 

162  I 

1.077 

1,065 

107 

4,756 

2 

11 


$232,588 

70,126 

4,306 

76,785 

801,162 

0,810 

3,485 

160,870 

012 

286,650 

814,120 

184,575 

13,805 

1,777 

3,500 

113 

3,300 

2,488 

3,216 

101,805 

7,200 

70,884 


70,000 


$0  85 
0  24 

0  01 

1  64 
5  01 
0  88 
0  20 

11  20 

12  00 
3  07 
5  48 
5  00 

36  81 

21  04 

0  48 

0  70 

8  07 

'   2  34 

30  05 

21  80 

8,600  00 
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Quantities  and  Cost  of  Work  done  in  the  Construction  of  the  Weston  Beser^ 

voir,  including  the  Open  ChanneL 


Class  or  Work. 


Qaantlty. 


Contper 
Unit. 


Clearing  and  grabbing  (acrei), 

Earth  ezoavation  (cubic  yards); 

Earth  ezeaTatton  for  drain  (cable  yards), 

Rock  excavation  (cubic  yard*), 

Rock  excavation  for  drain  and  core  wall  (cubic  yards),    .... 

Cleaning  Burfaee  of  rock  (square  yards), 

Portland  cement  concrete  masonry  (cubic  yards) 

Dimension  stone  masonry  (cubic  yards) 

Ashlar  masonry  (cubic  yards), 

Face  dressing  of  pointed  work  (square  feet), 

Slope  paving  (cubic  yards), 

Riprap  (cubic  yards) 

FurnlshiDg  and  laying  18-lneh  and  204nch  vitrified  pipe  (linear  feet),    . 


37 

$8,740 

641,236 

108,166 

6,8«» 

4,206 

6,892 

8,124 

2.360 

6,000 

6,162 

616 

8,637 

18,346 

89 

1,104 

46 

830 

1,036 

426 

1,171 

4,684 

8,286 

3,286 

206 

740 

$101  82 
0  31 

0  80 

1  88 

2  60 
0  10 
6  10 

80  60 
18  05 

0  41 
4  00 

1  OO 

2  60 


Quantities  and  Cost  of  Work  done  upon  the  Supply  Pipe  Lines  from  the 
Weston  Aqueduct  to  Main  Pipes  near  Chestnut  Hill  Reservoir, 


Class  op  Work. 


60-Inch  cast-iron  pipe  from  terminal  chamber,  Weston  Aqueduct,  to 
west  bank  of  Charles  River  (linear  feet) 

3  lines  60-loch  cast-lron  pipe  under  Charles  River,  laid  In  coffer-dam 
and  covered  with  concrete,  pach  line  346  feet  long,  equivalent  to 
(linear  feet) .        .        .        . 

48-lnch  cast-iron  pipe,  Charles  River  to  Chestnut  Hill  Reservoir,  Includ- 
ing cost  of  resurfacing  road  wavs  and  changing  drains  and  water  pipes 
by  city  of  N'ewton  (linear  feet) 

Driveway  from  Loring  Street  to  terminal  chamber  (linear  feet),    . 

Cost  of  removing  rook,  and  Incidentally  of  removing  earth,  so  that  a 
second  pipe  could  be  laid  benlde  the  48-lneh  cast-iron  pipe  without 
blasting, 


Total, 


Quantity. 

Cost. 

Cost  per 

Unit. 

1.603 

$32,643 

$20  86 

1,035 

43,262 

41  70 

36,806 

436,617 

11  86 

1,720 

2,098 

122 

11,670 

$526,289 

At  the  end  of  the  year  the  Weston  Aqueduct  and  Reservoir  had 
not  only  been  wholly  completed,  but  settlements  had  been  made  for 
contracts,  land  damages  and  claims  to  such  an  extent  that  it  is  fea- 
sible to  estimate  with  substantial  accuracy  that  the  final  cost  of  the 
aqueduct,  exclusive  of  the  reservoir,  will  be  $2,516,000,  equal  to 
$198,000  per  mile,  and  of  the  reservoir  $344,000,  making  a  total 
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of  $2,860,000.  The  total  cost  of  the  supply  pipe  line  from  the 
terminal  chaaiber  to  a  point  near  Chestnut  Hill  Reservoir  will  be 
substantially  $600,000. 

The  State  Board  of  Health,  in  its  report  upon  a  Metropolitan 
Water  Supply,  estimated  the  cost  of  the  Weston  Aqueduct  at 
$3,226,000.  This,  however,  was  for  an  aqueduct  having  a  capacity 
of  250,000,000  gallons  per  day,  as  against  a  capacity  of  300,000,000 
gallons  per  day  for  the  aqueduct  actually  built,  and  did  not  include 
a  reservoir  in  Weston,  which  it  was  thought  would  not  be  necessary 
in  the  beginning,  and  might  be  built  at  a  subsequent  date.  The 
only  feature  included  in  the  State  Board  of  Health  estimate  and 
omitted  in  the  construction  was  one  of  the  two  siphon  pipes,  which 
will  not  be  required  for  at  least  fifteen  years. 

Taking  the  works  as  constructed,*  without  making  any  allowances, 
the  actual  cost  has  been  $366,000  less  than  the  original  estimate ; 
and,  if  an  allowance  is  made  for  the  reservoir  which  was  constructed 
but  not  estimated,  and  for  the  siphon  pipe  which  was  estimated  but 
not  constructed,  the  difference  between  the  actual  and  estimated  cost 
of  the  whole  work  would  be  $580,000.  A  further  allowance  should 
be  made  because  the  aqueduct  actually  built  has  one-fifth  more 
capacity  than  that  estimated,  but  the  amount  of  such  an  allowance 
cannot  be  readily  determined. 

The  cost  per  running  foot  or  otherwise  of  diflerent  portions  of 
the  aqueduct  and  of  the  reservoir  have  been  determined,  with  the 
following  results,  which  include  the  cost  of  construction,  engineer- 
ing and  land,  the  expenses  of  administration,  and  all  other  cost 
except  interest  during  construction  :  — 

Where  the  aqueduct  is  a  tunnel,  lined  with  concrete  masonry,  the 
cost  for  the  portion  which  has  a  width  of  10  feet  was  $39  per  foot, 
equal  to  $207,000  per  mile. 

For  similar  tunnels,  which  have  a  width  of  13  feet  2  inches,  the 
cost  was  $69  per  foot,  equal  to  $364,000  per  mile. 

Where  the  aqueduct  was  built  of  masonry  in  a  trench,  and  covered 
with  earth,  the  cost  for  the  portion  which  has  a  width  of  10  feet  was 
$23  per  foot,  equal  to  $120,000  per  mile. 

Where  it  has  a  width  of  13  feet  2  inches,  the  cost  was  $32  per 
foot,  equal  to  $171,000  per  mile. 

The  two  siphons,  consisting  of  one  pipe  each,  with  the  four  siphon 
chambers,  which  were  built  for  three  pipes  each,  cover  a  total  length 
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of  4,841  feet,  and  the  cost  was  $45  per  foot,  equal  to  $237,000  per 
mile. 

The  single  line  of  siphon  pipe,  exclusive  of  the  siphon  ohamberSy 
covers  a  total  length  of  4,72G  feet,  and  the  cost  with  all  appurte- 
nances was  $36  per  foot,  equal  to  $191,000  per  mile. 

The  open  channel,  1,366  feet  long,  which  was  excavated  where 
the  average  depth  of  cutting  was  19^-  feet,  exclusive  of  the  structures 
at  its  ends,  cost  $34  per  foot,  and  exclusive  of  land  damages  $25 
per  foot. 

The  Weston  Resen-oir,  which  cost  $344,000,  including  the  screen- 
chamber  at  its  lower  end,  serves  as  a  substitute  for  4,000  feet  of 
aqueduct,  and  its  cost  was  $86  per  linear  foot.  As  a  reservoir  its 
available  capacity  is  about  200,000,000  gallons,  making  the  cost  per 
million  gallons  $1,720. 

DISTBIBUTION  DEFABTMENT. 

9 

Dexter  Brackett,  Department  Engineer. 
A  considerable  part  of  the  time  of  the  department  engineer  and 
his  assistants  has  been  spent  upon  the  preparation  of  plans,  statistics 
and  estimates  in  connection  with  the  suit  brought  by  the  cities  of 
Maiden,  Medford  and  Melrose  for  damages  on  account  of  the  taking 
of  Spot  Pond.  A  considerable  part  of  the  time  of  the  assistants  has 
also  been  taken  up  in  making  record  plans  of  work  done  in  previous 
years.  There  has  been  no  actual  work  chargeable  to  cdnstruction^ 
except  the  placing  of  a  Venturi  meter. 

OFFICE  FOBCE. 

Frank  T.  Daniels,  Principal  Office  Assistant ;  Samuel  E.  Killam,  Cffice 

Assistant, 

The  following  is  a  statement  of  the  more  important  work  upon 
which  the  drafting  department  has  been  engaged  during  the  year. 

For  the  Waohusett  Reservoir,  working  drawings  were  made  for 
the  Maiden  Brook  culvert  and  for  the  false  works  for  the  West 
Boylston  arch. 

For  the  Wachusett  Dam  there  have  been  made  general  plans  and 
details  of  the  bastion  and  abutment  at  the  ends  of  the  dam,  of  the 
upper  gate-chamber,  of  the  highway  bridge  over  the  lower  end  of 
the  waste  channel,  of  several  retaining  walls,  of  flights  of  steps 
leading  from  the  bottom  of  the  valley  up  the  hillsides  to  the  ends 
of  the  dam,  plans  for  grading  and  drainage  about  the  dam,  details  of 
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steel  trestles  for  a  foot  bridge  along  the  waste-weir,  of  steelwork  for 
the  bastion  and  upper  and  lower  gate-chambers,  of  wooden  gates 
and  of  bronze  stop-plank  grooves.  A  direct  steam  heating  plant  for 
the  lower  gate-chamber  was  designed,  and  the  necessary  drawings 
for  its  installation  were  furnished. 

In  connection  with  the  relocation  of  the  Central  Massachusetts 
Railroad,  detailed  drawings  were  made  for  a  masonry  skew-arch 
railroad  bridge  over  the  upper  end  of  the  waste  channel.  The  gen- 
eral design  for  this  bridge  and  for  the  highway  bridge  over  the  waste 
channel  were  furnished  by  Olmsted  Brothers,  landscape  architects. 
A  set  of  12  plans,  showing  in  detail  the  relocated  portions  of  the 
railroad  and  tracings  of  the  same,  were  completed,  together  with  a 
profile,  and  sent  to  the  Boston  &  Maine  Railroad. 

Other  drawings  made  included  drawings  for  the  screening  appa- 
ratus at  the  head  chamber  of  the  Weston  Aqueduct,  and  a  drawing 
for  the  extension  of  the  Clinton. sewerage  works. 

The  whole  number  of  finished  drawings  completed  during  the 
year  is  123.  Besides  these,  various  studies  and  minor  drawings 
were  made  and  a  few  drawings  were  changed  to  adapt  them  to  serve 
as  record  plans. 

The  force  employed  in  the  drafting  depaitment  numbered  7. 

Samuel  E.  Killam  has  had  charge  of  the  general  office,  where  the 
work  is  of  a  varied  character,  such  as  making  miscellaneous  inves- 
tigations and  computations,  procuring  supplies  and  making  blue 
prints.  Mr.  Killam  has  also  had  general  charge  of  the  photo- 
graphic work. 

Accidents. 

Five  fatal  accidents  have  occurred  during  the  year,  three  at  the 
Wachusett  Dam,  one  upon  the  railroad  firom  the  quarry  to  the  dam, 
and  one  upon  the  Wachusett  Reservoir. 

The  first  four  accidents  occurred  in  connection  with  the  work  of 
the  McArthur  Brothers  Company.  At  the  dam  a  masonry  inspector 
had  the  bone  of  his  thigh  broken  by  being  caught  between  a  stone 
which  was  being  raised  and  the  masonry  of  the  dam,  and  as  a  result 
of  his  injuries  died  thirteen  weeks  later ;  a  masonry  foreman  was 
killed  by  the  falling  of  the  boom  of  a  den*ick ;  and  a  laborer  by 
the  falling  of  a  large  stone  which  slipped  from  the  grab-hooks.  A 
blacksmith  was  killed  by  a  collision  on  the  quari'y  railroad.  On 
Section  8  of  the  Wachusett  Reservoir  a  laborer  was  killed  by  falling 
under  a  train  on  the  contractor's  railroad. 
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MAINTENANCE. 

(This  report  apoo  maiotenanoe  hat  been  oompiled  from  reports  prepared  by  the  eDgloeere  in  oharge 
of  the  varioae  departments  of  the  works.) 

The  Wachusett  Reservoir  has  been  filled  during  the  year  to  a 
greater  extent  than  heretofore,  and  therefore  is  to  a  larger  extent 
in  the  charge  of  a  maintenance  force ;  otherwise  the  works  main- 
tained and  operated  in  1904  are  the  same  as  at  the  end  of  the  pre- 
ceding year. 

Organization  of  Maintenance  Force. 

There  has  been  an  important  change  in  the  organization  of  the 
maintenance  force  during  the  year,  as  already  indicated  briefly  in 
the  beginning  of  my  report.  The  Sudbury  and  Cochituate  works, 
which,  after  the  resignation  of  Desmond  FitzGerald,  had  no  depart- 
ment engineer  in  charge,  were  on  March  10  placed  under  the  charge 
of  Dexter  Brackett,  who  was  also  at  that  time  given  the  charge  of 
the  maintenance  of  the  Weston  Aqueduct. 

Charles  E.  Haberstroh,  assistant  superintendent  of  the  Sudbury 
Department,  has  charge  of  the  maintenance  and  operation  of  the 
works  on  the  Sudbury  River  and  Lake  Cochituate,  the  Cochituate 
and  Sudbury  aqueducts  and  the  Weston  Aqueduct,  from  the  Sud- 
bury Dam  to  the  Weston  Reservoir. 

George  E.  Wilde,  assistant  superintendent  of  the  Distribution 
Department,  has  charge  of  the  maintenance  and  operation  of  the 
Weston  Reservoir,  of  that  portion  of  the  Weston  Aqueduct  between 
the  reservoir  and  the  terminal  chamber  in  Weston,  and  of  all  the 
reservoirs  and  pipe  lines  within  the  Metropolitan  District. 

John  W.  Lynch,  engineer  of  the  pumping  stations,  has  continued 
in  direct  charge  of  the  pumping  stations  at  Chestnut  Hill,  and  has 
had  general  supervision  of  the  mechanical  work  at  the  other  pump- 
ing stations  of  the  Distribution  Department. 

William  E.  Foss,  division  engineer,  has  had  special  charge  of 
investigations  relative  to  injury  of  water  pipes  by  electrolytic  action. 

Caleb  M.  Saville,  division  engineer,  has  continued  in  charge  of 
the  operation  of  Venturi  meters  in  the  Metropolitan  District. 

Alfred  O.  Doane,  division  engineer,  has  continued  in  charge  of 
engineering  work  connected  with  the  maintenance  and  operation 
of  the  pumping  stations  and  pipe  lines. 
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The  force  employed  on  maintenance,  including  the  permanent 
force,  the  additional  temporary  forces  engaged  from  time  to  time 
on  special  work,  and  such  of  the  engineers  as  devoted  most  of 
their  time  to  maintenance,  averaged  220.  The  maximum  number 
employed  at  any  one  time  was  291. 

Rainfall  and  Yield. 

The  total  rainfall  for  the  year  on  the  Sudbury  watershed  has 
been  3.4  inches  below  the  average,  the  deficiency  occurring  wholly 
in  the  last  three  months.  The  yield  of  the  watersheds  has  been 
somewhat  below  the  average,  but  the  deficiency  occurred  at  such 
times  that  there  was  no  unusual  lowering  of  the  reservoirs.  Sta- 
tistics relating  to  rainfall  and  yield  of  watersheds  may  be  found  in 
Appendix  No.  3,  tables  Nos.  1  to  11. 

Storage  Reservoirs. 

The  quantity  of  water  stored  in  all  of  the  storage  reservoirs  on 
January  1,  1904,  was  13,136,900,000  gallons.  On  account  of  the 
extremely  cold  weather  during  the  months  of  January  and  February 
the  flow  of  the  streams  was  small,  and  there  was  a  constant  lowering 
of  the  reservoirs  until  February  22,  when  they  reached  the  lowest 
point,  and  contained  10,550,000,000  gallons. 

During  March  the  reservoirs  filled  rapidly,  and  early  in  April 
were  as  full  as  it  was  desirable  to  hold  them  until  the  freshet  season 
was  over;  subsequently  they  were  filled  gradually,  reaching  the 
maximum  storage  of  a  little  more  than  26,000,000,000  gallons  on 
June  8. 

Until  the  middle  ot  September  there  was  an  almost  continual  loss 
of  storage,  when  the  heavy  rainfall  on  September  14  and  15  caused 
a  gain  of  1,100,000,000  gallons  in  a  period  of  three  days,  after 
which  the  quantity  stored  again  diminished  continuously  until  De- 
cember 27.  During  the  last  few  days  of  the  year  there  was  a  slight 
gain,  and  at  the  end  of  the  year  the  quantity  stored  was  15,638,- 
100,000  gallons. 

The  following  table  gives  the  quantity  of  water  stored  in  the 
storage  reservoirs  at  the  beginning  of  each  month :  — 
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Qiuintity  of  Water  stored 
bury  and  Cochituate 


in  Wachtisett  Reservoir^  and  in  Reservoirs  on  Sud- 
Watersheds^  at  the  Beginning  of  Each  Month, 


^^^^^ 

^^^ 

^^.^ 

Date. 

Id 
WachuieCI 
Reservoir 
(GalloDa). 

lo  Budbury 
Reservoir  and 

Framingham 

Reservoir  No.  8 

(Gallons). 

Id  All  Other 

Storage 
Reservoirs 
(Gallons). 

Total 
(Gallons). 

1 
Jaonary  1, 

February  1, 

March  1,    . 

April  1,     . 

May  I,       . 

JoDe  1, 

July  1,      . 

August  1, . 

Bapterober  1,    . 

October  1, 

November  1 , 

December  1,     . 

1 
January  1, 

1904 
l»05 

• 
• 

m 

1,760,100,000 
1,874,600,000 
1,008,500,000 
8,385,000,000 
0,863,100.000 
10,107,500,000 
0,401,900,000 
7,885,800,000 
6,807,800,000 
6,860,400,000 
7,102,800,000 
6,051,500,000 

4,400,600,000 

5,226,600,000 
4,626,600,000 
6,106,100,000 
7,666,000,000 
8,112,800.000 
8,880,400,000 
8,200,000,000 
8,218,000,000 
7,051,700,000 
7,726,500,000 
6,650,600,000 
6.410,100,000 

7,012,500,000 

6,160,200,000 
5,811,800,000 
5,472,000.000 
6,808,100,000 
7,460,600,000 
7,625,600,000 
7,540,200,000 
7,284,000,000 
6,508,700,000 
6,076,700,000 
5,320,000,000 
4,310,700,000 

8,316,000,000 

1S,186,000,000 
11,813,000.000 
11,765,000,000 
22,060.000,000 
25,436,400,000 
26,018.600,000 
25,143,000,000 
28,889,600,000 
21,262,700,000 
90,570,600,000 
19,172,400,000 
17,681,800,000 

15,688,100,000 

Wachitsett  Reservoir,  —  At  the  beginning  of  the  year  work  on 
the  Wachusett  Reservoir  was  so  far  advanced  that  it  was  possible  to 
store  water  to  elevation  331.50,  which  is  47.50  feet  above  the  bottom 
of  the  48-inch  cast-iron  pipes  through  the  dam.  The  dam  itself  was 
enough  higher  to  permit  the  water  to  be  safely  raised  to  this  height. 
It  was  raised  nearly  to  the  full  height  early  in  April  and  to  the  full 
height  in  the  middle  of  May,  where  it  was  maintained  until  June  11. 
When  at  elevation  331.50  the  reservou*  contained  10,117,000,000 
gallons  of  water.  Most  of  the  time  after  June  11  water  was  drawn 
from  this  reservoir  in  sufficient  quantities  to  keep  the  Sudbury  Res- 
ervoir nearly  full,  but  for  about  a  month,  beginning  October  20,  the 
flow  was  stopped,  to  permit  the  Sudbury  Reservoir  to  be  drawn  down. 
At  the  end  of  the  year  the  water  was  33  feet  above  the  bottom  of 
the  48-inch  pipes,  and  the  reservoir  contained  4,409,600,000  gal- 
lons of  water.  Between  April  26  and  29  there  was  a  rainfall  of  over 
4  inches,  which  raised  the  water  in  the  reservoir  temporarily  to  ele- 
vation 331.89.  At  this  time  the  gates  which  control  the  flow  of 
water  through  the  four  48-inch  pipes  which  pass  through  the  dam 
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were  fully  opened,  and  the  water  flowed  through  at  the  rate  of 
1,231,000,000  gallons  per  24  hours.  Water  was  wasted  into  the 
river  below  the  dam,  because  of  lack  of  storage  capacity,  on  43 
days  between  April  9  and  June  11,  the  total  amount  of  waste  being 
about  8,600,000,000  gallons. 

Sudbury  Iiefie)'voi)\  —  At  the  beginning  of  the  year  the  water  of 
this  reservoir  was  at  elevation  252.63,  which  is  6.37  feet  below  the 
stone  crest  of  the  dam.  The  lowest  level  during  the  year  was 
reached  on  January  28,  when  the  water  stood  at  elevation  249.82. 
During  February  and  March  the  reservoir  was  filling,  and  on  April 
4  the  water  reached  the  level  of  the  crest  of  the  dam.  The  reservoir 
was  kept  substantially  full  from  that  time  until  October  1.  During 
October  and  November  the  water  was  lowered  about  6  feet,  in  order 
to  facilitate  the  laying  of  a  water  pipe  across  the  reservoir  at  the 
Burnett  estate  in  Southborough.  On  the  completion  of  this  work 
the  reservoir  was  again  filled,  and  on  January  1,  1905,  the  water 
stood  .18  of  a  foot  above  the  stone  crest  of  the  dam. 

The  driveway  from  the  highway  to  the  Sudbury  Dam,  which  had 
been  badly  worn  hy  heavy  teaming  during  the  construction  of  the 
Weston  Aqueduct,  has  been  thoroughly  repaired.  A  wooden  build- 
ing, 58  feet  by  22  feet,  arranged  for  a  workshop  and  for  the  storage 
of  tools  and  vehicles,  has  been  added  to  the  group  of  buildings  near 
the  Sudbury  Dam.  The  house,  barn  and  shed  at  the  dam,  and  the 
house  on  the  Bigelow  place,  have  been  painted. 

A  swampy  area  on  the  west  side  of  Maple  Street  in  Marlborough 
was,  at  the  request  of  the  city  authorities  of  Marlborough,  filled  to 
about  12  inches  above  the  ordinary  water  level.  For  this  piu'pose 
221  cubic  yards  of  material  were  purchased,  and  the  balance  required 
was  obtained  by  cutting  down  the  higher  ground  to  about  the  level 
of  the  filled  area. 

The  Marlborow/h  Brook  filter-beds  have  been  in  service  through- 
out the  yeW,  and  have  filtered  all  of  the  water  received  from  the 
brook  except  for  parts  of  six  days  during  freshets.  The  beds  were 
cleaned  during  the  year,  and  the  dirty  sand,  including  sand  from  two 
previous  years'  cleaning  of  the  artificial  beds  which  had  been  left  at 
the  sides  of  these  beds,  was  removed  to  a  spoil  bank.  A  layer  of 
clean  sand  2^  inches  thick  was  spread  on  the  surface  of  beds  Nos.  1 
and  2  and  on  one-half  of  bed  No.  5.  The  settling  reservoir  was  also 
emptied  and  cleaned. 
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The  analyses  which  have  been  made  monthly  by  the  State  Board 
of  Health  of  the  water  before  and  after  passing  through  the  filter- 
beds  show  that  the  water  has  been  generally  satisfactorily  purified 
by  the  filters. 

Additional  storage  for  water  discharged  by  the  brook  during 
freshets  has  been  provided  by  the  enlargement  of  storage  basin  No. 
18,  increasing  its  capacity  from  2,600,000  gallons  to  9,000,000  gal- 
lons. The  embankments  surrounding  the  basin,  3  feet  wide  on  top, 
with  slopes  of  3  horizontal  to  1  vertical,  were  constructed  of  material 
excavated  from  the  interior  of  the  basin,  and  the  inner  slopes  pro- 
tected with  stones  taken  from  the  excavation.  About  3,300  cubic 
yards  of  material  were  moved  in  doing  this  work.  The  basin  is 
connected  by  means  of  a  12-inch  cast-iron  pipe  210  feet  long  with 
the  artificial  filter-beds  Nos.  12  and  17,  so  that  about  8,500,000 
gallons  can  be  drawn  from  the  basin  to  filter-beds  Nos.  5,  6,  11,  12, 
15  and  17. 

The  combined  storage  reservoir  and  filter-bed  for  taking  care  of 
the  overflow  from  the  Marlborough  Brook  main  sewer  during  times 
of  freshet  has  taken  care  of  all  the  overflow  during  the  year.  For 
the  greater  portion  of  the  time  froili  February  22  until  May  7  there 
was  a  flow  from  the  sewer  to  the  bed,  although  for  a  portion  of  this 
time  the  flow  was  due  to  the  entrance  of  ground  water  into  the 
overflow  sewer.  After  May  7  there  was  a  very  small  flow  of  ground 
water  for  some  time.  The  largest  quantity  of  diluted  sewage  stored 
was  on  April  30,  when  it  reached  elevation  270,  which  is  3.25  feet 
below  the  overflow  into  an  additional  storage  area. 

As  the  sewage  flowing  in  the  open  channel  from  the  end  of  the 
overflow  sewer  to  the  filter-bed  gave  some  oflFence  to  the  people 
residing  in  the  house  on  the  opposite  side  of  Farm  Road,  an  18-inch 
Akron  pipe  212  feet  long  was  substituted  for  the  open  channel.  A 
channel  was  also  dug  from  that  part  of  the  bed  into  which  the 
sewage  first  enters  to  the  lower  bed,  so  that  the  upper' bed  can  be 
drained  when  desired.  An  8-inch  tile  drain,  385  feet  long,  was 
built  on  the  east  side  of  Farm  Road,  near  the  toe  of  the  filter-bed 
embankment,  to  carry  away  the  water  which  percolates  through  the 
embankment,  and  the  travelled  portion  of  the  road  was  i*aised  about 
1  foot  for  a  distance  of  300  feet. 

Framingham  Reservoir  iVb.  3.  —  This  reservoir  was  kept  at  or 
near  high-water  mark  during  the  whole  year. 
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Framingham  Reservoir  N^o,  2.  —  This  reservoir  was  kept  practi- 
cally full  throughout  the  year.  No  water  was  drawn  from  it  for  the 
supply  of  the  Metropolitan  District  until  August  30,  but  after  that 
date  a  portion  of  the  supply  was  drawn  from  this  source  almost 
continually  until  the  end  of  the  year.  While  water  was  being 
drawn  from  the  reservoir  the  surface  was  kept  near  high- water  mark 
by  drawing  water  from  the  Ashland,  Hopkinton  and  Whitehall  reser- 
voirs. On  several  days  between  September  14  and  21  water  was 
drawn  from  the  reservoir  and  discharged  into  Lake  Cochituate. 

Framingham  Reservoir  yo.  1,  — This  reservoir  was  kept  full  and 
water  was  wasted  over  the  dam  from  the  beginning  of  the  year  until 
September  1.  From  September  14  to  18,  inclusive,  and, September 
21  to  23,  inclusive,  and  on  November  29  and  30,  water  was  drawn 
from  the  reservoir  and  discharged  into  Lake  Cochituate. 

Repairs  have  been  made  to  the  paving  in  the  channel  of  the  Sud- 
bury River  below  Framingham  Dam  No.  1,  which  had  been  displaced 
by  the  action  of  the  water  during  freshets.  The  paving  from  the 
dam  to  a  point  below  the  Winter  Street  bridge  has  been  relaid,  and 
the  interstices  between  the  stones  tilled  with  fine  Portland  cement 
concrete.  Below  the  bridge  the  paving  was  not  relaid,  but  concrete 
was  placed  between  and  on  the  stones,  making  the  bottom  of  the 
channel  smooth.  A  large  hole  in  the  bed  of  the  river,  just  below 
the  paving,  was  partially  filled  with  gravel  excavated  near  by.  At 
the  upper  end  of  the  reservoir  the  water  overflowing  at  the  dam  of 
Framingham  Reservoir  No.  3  had  gradually  excavated  a  hole  which 
threatened  to  undermine  the  original  48-inch  pipe-line  leading  from 
Framingham  Reservoir  No.  3  to  the  dam  of  Reservoir  No.  1.  The 
hole  has  been  partially  filled  wnth  gravel,  and  the  surface  covered 
with  riprap  to  protect  it  against  washing  in  the  future.  There  were 
1,016  feet  of  wire  fence  built  on  the  property  line  between  the  land 
of  the  Commonwealth  and  land  of  Adnah  Neyhart. 

Ashland  Reservoir,  —  At  the  beginning  of  the  year  the  water  in 
this  reservoir  was  4.33  feet  below  high  water.  Early  in  April  the 
water  reached  the  level  of  the  overflow,  and  the  reservoir  remained 
substantially  full  until  the  last  of  August.  During  September,  Oc- 
tober, November  and  December  water  was  drawn  from  the  reservoir, 
and  on  December  27  its  surface  had  been  lowered  to  192.73,  or 
32.48  feet  below  high  water.  At  the  end  of  the  year  it  was  31.34 
feet  below  high  water.     The  joints  between  the  coping  stones  of  the 
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side-walls  of  the  wasteway  at  the  dam  have  been  cut  out  and  re- 
pointed. 

Ilopkinton  Reservoir.  —  This  reservoir  was  5.16  feet  below  high 
water  at  the  beginning  of  the  year.  It  was  full  on  May  I,  and  re- 
mained practically  full  until  the  first  week  in  September.  During 
the  last  four  months  of  the  year  water  was  drawn  from  this  reservoir, 
and  on  December  27  the  surface  was  32.6  feet  below  high  water. 
About  one-third  of  the  water  drawn  from  the  reservoir  was  filtered. 
The  filter-beds  were  cleaned  in  June. 

}V7iitehall  lies^ei^oir.  —  This  reservoir  has  been  kept  practically 
full,  and  was  not  drawn  upon  until  December  16.  From  that  date 
until  the  end  of  the  year  20,000,000  gallons  per  day  were  drawn, 
lowering  its  surface  about  1  foot ;  and  on  January  1,  1905,  it  stood 
at  elevation  336.74,  or  1.17  feet  below  high  water. 

Farm  Pond.  —  Farm  Pond  was  practically  full  during  the  first 
half  of  the  year,  but  was  then  gradually  drawn  down  until  the 
middle  of  Septeml>er,  when  it  was  1.25  feet  below  high  water.  It 
was  then  partially  refilled  with  water  drawn  from  Framingham  Res- 
ervoirs Nos.  1  and  2.  No  water  was  drawn  from  the  pond  during 
the  year  for  the  use  of  the  Metropolitan  District,  and  it  was  not 
necessary  to  waste  any  into  the  Sudbury  River. 

Lake  Cochituate.  —  Lake  Cochituate  at  the  beginning  of  the  year 
was  1.94  feet  below  high  w^ater.  It  fell  during  January  and  Feb- 
ruary, and  was  4.56  feet  below  high  w^ater  on  February  22.  It  was 
filled  by  May  6,  and  was  kept  practically  full  until  July  26.  The 
surface  then  fell  steadily  until  September  14,  when  the  surface  was 
3.85  feet  below  high  water.  Water  was  then  turned  into  the  lake 
from  Framingham  Reservoirs  Nos.  1  and  2,  raising  its  surface  on 
October  10  to  within  about  1  foot  of  high  water.  The  lowest  point 
reached  during  the  year  was  5.12  feet  below  high  water,  on  Decem- 
ber 17.  Water  was  wasted  at  the. outlet  dam  in  varying  quantities 
during  March,  April,  May  and  June.  Water  was  drawn  from  the 
lake  for  the  supply  of  the  Metropolitan  District  from  January  1  to 
April  3,  April  6  to  9,  April  11  to  17,  April  18  to  25,  May  3  to  7, 
July  3  to  7,  S^uly  26  to  August  2,  and  August  6  to  December  19. 

All  of  the  joints  in  the  exterior  stonework  of  the  aqueduct  gate- 
house were  cut  out  and  repointed,  and  two  cornice  stones  w^hich 
were  damaged  by  fire  several  years  ago  were  replaced  by  new  stones. 
A  damaged  composition  stem  of  one  of  the  aqueduct  gates  ^vas 
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replaced  by  a  steel  stem  furnished  by  the  Coffin  Valve  Company. 
The  foreman's  house  was  painted  two  coats,  and  a  trussed  wire  fence 
592  feet  long  was  built  along  the  road  near  the  house. 

No  water  was  drawn  from  Dudley  Pond  into  Lake  Cochituate. 
At  the  beginning  of  the  year  the  pond  was  3.41  feet  below  high- 
water  mark.  The  highest  elevation  was  155.11,  or  1.35  feet  below 
high  water,  and  the  elevation  at  the  end  of  the  year  was  153.12. 

The  surface  of  Dug  Pond  has  varied  between  1.5  feet  above  and  3 
feet  below  the  invert  of  the  18-inch  overflow  pipe. 

The  Pegan  Brook  filter-beds  have  been  in  use  tiiroughout  the  year 
whenever  there  was  water  to  filter.  Water  was  pumped  to  the  beds 
during  183  days  from  the  reservoir  on  Pegan  Brook  or  from  the  new 
reservoir  at  the  end  of  the  intercepting  ditch  which  collects  water 
from  the  brooks  formerly  draining  into  Pegan  Brook  meadow.  The 
total  quantity  of  water  pumped  during  the  year  was  223,402,500 
gallons,  of  which  150,650,500  gallons  was  from  Pegan  Brook  and 
72,752,000  gallons  from  the  intercepting  ditch.  The  total  quantity 
of  coal  consumed  was  113,941  pounds,  so  that  1,961  gallons  of  water 
were  pumped  per  pound  of  coal.  The  cost  of  operating  the  pump- 
ing station  and  caring  for  the  filter-beds  and  grounds  was  $3,088.16, 
making  the  cost  per  million  gallons  pumped  $13.82. 

Sources  from  which  Water  has  been  taken. 

An  average  of  88,554,000  gallons  per  day  was  drawn  from  the 
Wachusett  Reservoir  through  the  Wachusett  Aqueduct  into  the  Sud- 
bury Reservoir.  An  average  of  30,575,000  gallons  per  day  was 
drawn  from  the  Sudbury  Reservou'  through  the  Weston  Aqueduct 
into  the  distribution  system  of  the  Metropolitan  District.  From 
Framingham  Reservoir  Xo.  3  an  avemge  of  64,827,000  gallons  per 
day,  and  from  Framingham  Reservoir  No.  2  an  average  of  9,004,000 
gallons  per  day,  was  drawn  through  the  Sudbury  Aqueduct  to  Chest- 
nut Hill  Reservoir.  An  average  of  14,984,000  gallons  per  day  was 
drawn  from  Lake  Cochituate  through  the  Cochituate  Aqueduct  to 
Chestnut  Hill  Reservoir.     The  Spot  Pond  drainage  area  furnished 

497,000  gallons  per  day. 

Aqueducts. 

The  Wachusett  Aqueduct  has  been  in  use  283  days  during  the 
year.  It  was  very  thoroughly  cleaned  between  November  16  and  22. 
The  work  of  repairing  the  transverse  ci-acks  in  the  aqueduct,  due  to 
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temperature  changes,  was  in  progress  at  the  beginning  of  the  year, 
and  was  fully  described  in  the  last  annual  report.  This  work  was 
carried  on  continuously  until  January  26,  when  it  was  finished.  A 
force  of  about  26  men,  consisting  principally  of  masons  who  had 
been  engaged  during  the  warmer  weather  on  the  construction  of  the 
Wachusett  Dam,  was  employed.  The  usual  work  of  maintenance 
along  the  line  of  the  aqueduct  has  been  performed,  and  the  aqueduct 
and  its  appurtenances  are  in  excellent  condition. 

The  Sudbury  Aqueduct  was  emptied  for  cleaning  on  May  5  and 
6,  and  again  on  May  12  and  13.  On  June  23  it  was  emptied  for 
the  purpose  of  examining  the  Waban  Bridge,  and  from  September  14 
to  18,  from  September  21  to  23,  from  October  2  to  9,  and  from 
October  23  to  30,  it  was  emptied  for  the  purpose  of  making  repairs 
to  and  lining  the  aqueduct  on  the  Waban  Bridge.  At  times  while 
the  aqueduct  was  emptied  for  cleaning  and  for  making  repairs  at  the 
Waban  Bridge,  and  also  on  November  29  and  30,  water  was  run 
from  Fiumingham  Reservoirs,  Nos.  1,  2  and  3  through  the  aqueduct 
to  Lake  Cochituate.  The  total  amount  diverted  to  the  lake  was 
1,157,200,000  gallons,  of  which  963,200,000  gallons  was  drawn 
from  Framingham  Reservoir  No.  1,  118,300,000  gallons  from  Fram- 
ingham  Reservoir  No.  2,  and  75,700,000  gallons  from  Framingham 
Reservoir  No.  3.  The  daily  average  flow  through  the  aqueduct  to 
Chestnut  Hill  Reservoir  for  the  year  was  73,831,000  gallons,  which 
is  24,190,000  gallons  less  than  the  corresponding  quantity  for  the 
preceding  year. 

The  leakage  from  the  aqueduct  at  the  Waban  Bridge,  due  to  cracks 
in  the  masonry,  had  increased  during  the  past  few  years  to  such  an 
extent  as  to  cause  a  large  loss  of  water,  as  well  as  to  injure  the 
masonry  of  the  bridge  by  freezing  during  the  winter.  Upon  ex- 
amination, the  principal  cracks  were  found  to  be  in  the  invert  two 
feet  from  the  centre  of  the  aqueduct.  They  were  sometimes  on 
only  one  side  of  the  centre,  but  generally  on  both,  and  were  directly 
over  the  joints  between  stones  which  cover  drainage  galleries  beneath 
the  a<jueduct.  As  there  were  few  if  any  cracks  above  the  springing 
line  of  the  upper  arch  up  to  the  highest  point  reached  by  the  water 
when  the  aqueduct  is  in  use,  the  repairs  which  were  made  extended 
only  from  the  bottom  up  to  the  springing  line.  This  portion  of  the 
aqueduct  for  the  entire  length  of  the  bridge,  a  distance  of  562.25 
feet,  was  lined  with  sheet  lead  weighing  3^  pounds  per  square  foot, 
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covered  on  the  bottom  with  a  protective  layer  of  Portland  cement 
concrete  1^  inches  thick.  The  lead  is  held  in  i)lace  at  the  springing 
line  by  2  J  by  2^  inch  angle  irons,  secured  by  -^^  inch  diameter  yellow 
metal  bolts  set  in  the  masonry.  Rubber  tubing  was  placed  back  of 
the  angle  irons  between  the  sheet  lead  and  the  masonry,  to  act  as  a 
washer  to  prevent  leakage.  The  sheets  of  lead  9  by  14  feet  were 
connected  by  the  process  of  lead  burning  so  as  to  form  a  continuous 
sheet.  The  layer  of  Portland  cement  concrete  1^  inches  thick  was 
composed  of  fine  material,  in  which  was  embedded  expanded  metal. 
Before  the  aqueduct  was  lined  all  cracks  were  pointed  or  grouted, 
and  two  coats  of  Portland  cement  wash  were  applied  to  the  arch. 
All  cracks  in  the  aqueduct  for  50  feet  from  both  ends  of  the  lining 
were  cut  out  and  pointed.  The  work  has  resulted  in  reducing  the 
leakage  to  a  very  small  quantity,  which  it  is  thought  will  cause  no 
damage. 

While  the  work  at  the  Waban  Bridge  was  in  i)rogress,  all  the 
cracks  in  the  interior  masonry  at  the  Echo  Bridge  over  the  Charles 
River  were  cut  out  and  pointed. 

In  September  changes  were  made  in  the  Beaver  Dam  Brook  cul- 
vert, for  the  purpose  of  increasing  its  capacity.  The  work  done 
consisted  in  the  removal  of  portions  of  the  masonry  so  as  to  enlarge 
the  channels  at  the  entrance  and  outlet,  and  in  rounding  the  corners 
of  other  portions  of  the  masonry  so  as  to  reduce  losses  of  head.  As 
the  culvert  is  below  the  level  of  the  water  in  the  brook,  it  was  nec- 
essary to  operate  a  centrifugal  pump  while  the  work  was  in  progress, 
to  take  care  of  the  water. 

The  joints  in  the  masonry  of  14  culverts  between  Waban  Bridge 
and  the  west  siphon  chamber  have  been  cut  out  and  repointed.  The 
iron  gratings  and  beams  in  the  siphon  and  waste-weir  chambers,  and 
the  manhole  covers,  have  been  given  two  coats  of  paint,  and  the 
iron  and  wooden  fences  at  both  the  Echo  and  Waban  bridges  have 
been  given  one  coat.  There  were  1,575  feet  of  board  fence  built 
near  the  Course  Brook  waste-weir,  and  250  feet  at  Harrison  Street  in 
Newton  Highlands ;  440  feet  of  trussed  wire  fence  were  built  in 
South  Framingham,  and  posts  set  for  1,400  feet  just  east  of  Speen 
Street  near  the  Course  Brook  waste-weir. 

An  apparatus  for  rating  current  meters  has  been  established  at  the 
side  of  the  aqueduct  embankment  near  the  Farm  Pond  gate-house. 

During  the  year  the  city  of  Newton  built  a  48  by  53  inch  brick 
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sewer  under  the  aqueduct,  about  500  feet  east  of  Woodward  Street. 
The  invert  of  the  sewer  was  27  feet  below  the  invert  of  the  aqueduct » 
and  the  material  underlying  the  aqueduct  was  very  fine  sand.  In 
order  to  avoid  any  injury  to  the  aqueduct,  compressed  air  was  used 
in  excavating  a  tunnel  under  the  aqueduct  in  which  to  build  the 
sewer,  and  the  work  was  successfully  accomplished. 

The  Cochituate  Aqueduct  was  in  use  259  days.  The  interior  of 
the  aqueduct,  with  the  exception  of  the  siphon  pipes,  was  cleaned  on 
April  28  to  30.  The  surveys  for  locating  the  aqueduct  and  deter- 
mining the  position  of  property  bounds  have  been  continued,  and 
51  alignment  bounds  and  52  property  bounds  have  been  set. 

The  Weston  Aqueduct  was  in  use  320  days.  The  flow  was  shut 
off  for  about  three  weeks  in  April,  in  order  to  give  opportunity  for 
completing  the  Weston  Reservoir.  At  this  time  several  cracks  in 
the  aqueduct  masonry  on  sections  10  and  15  were  cut  out  and 
pointed,  and  the  brick  masonry  on  Section  15  was  given  a  coat  of 
cement  wash.  From  June  16  to  20  the  aqueduct  was  shut  off  while 
the  concrete  bottom  and  sidewalls  of  the  terminal  chamber  were  plas- 
tered for  the  purpose  of  preventing  leakage.  During  the  last  two 
weeks  of  the  year  the  aqueduct  was  emptied  for  the  purpose  of  cut- 
ting out  and  pointing  the  fine  transverse  cracks  in  the  concrete  ma- 
sonry, caused  by  temperature  changes.  A  force  of  30  masons  and  10 
laborers  was  engaged  on  this  work,  which  will  be  continued  for  a 
month  or  more  during  the  coming  year.  The  methods  enaployed 
for  this  work  are  the  same  as  for  similar  work  at  the  Wachusett 
Aqueduct,  described  on  page  151  of  the  last  annual  report. 

Pumping  Stations. 

Seventy-four  per  cent,  of  all  the  water  supplied  to  the  Metropol- 
itan Water  District  has  been  pumped  at  the  two  stations  at  Chestnut 
Hill  Reservoir ;  the  remainder  was  delivered  by  gravity. 

The  total  quantity  pumped  at  all  of  the  stations  during  the  year 
was  34,962,090,000  gallons,  or  6,854,110,000  gallons  less  than 
during  the  preceding  year.  The  cost  of  operating  the  stations  was 
$91,411.63,  equivalent  to  $2,615  per  million  gallons  pumped.  Al- 
though the  average  height  to  which  the  water  was  pumped  in  1904 
was  86.87  feet,  as  against  68.50  feet  in  1903,  there  has  been  a 
decrease  in  the  cost  per  million  gallons  pumped  of  $0,195,  due  to  a 
reduction  in  the  cost  of  repairs  and  fuel. 
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The  cost  per  gross  ton  of  fuel  used  at  the  Chestnut  Hill  high- 
service  station  was  $1.41  less,  at  the  Chestnut  Hill  low-service 
station  $1.43  less,  and  at  the  Spot  Pond  station  $0.92  less,  than 
during  the  preceding  year.  This  reduction  was  due  both  to  the 
reduced  price  of  coal  and  to  the  use  of  a  larger  proportion  of 
anthracite  buckwheat  coal  and  screenings. 

Notwithstanding  the  use  of  a  larger  proportion  of  the  cheaper 
grades  of  fuel,  the  duty  developed  by  the  engines  at  the  Chestnut 
Hill  and  Spot  Pond  stations  was  between  3  and  4  per  cent,  greater 
than  during  the  preceding  year. 

Tests  have  been  made  to  determine  the  viscosity,  specific  gravity 
and  burning  point  of  all  oil,  and  the  calorific  value  of  all  coal  used 
at  the  several  stations. 

Coal  for  use  at  the  several  stations  has  been  purchased  as  fol- 
lows :  — 


1 
OB088  Tons. 

Chestnut 
Hill  High- 
service 
Station. 

Chestnut 

Hill  Low- 

service 

Station. 

Spot 

Pond 

Station. 

West 

Box bury 

Station. 

Arllng. 

ton 
Station. 

Price 

per  Gross 

Ton. 

Bay  Stale  Pael  Company,  bitnmlnoua,  . 

87.17 

56.01 

^ 

^ 

^ 

$6  30 

Dartmouth  Coal  Company,  bituminous, 

80.87 

- 

- 

- 

- 

4  79 

Dartmouth  Coal  Company,  bltuminoua. 

- 

181.90 

- 

- 

- 

4  66 

Henry  T.  Wooda,  bituminous, 

671 .56 

.- 

- 

- 

- 

4  40 

Henry  T.  Woods,  bituminous, 

. 

820.07 

- 

- 

- 

4  46 

Darrow.M ann  Company,  bitumlnoua,    . 
Murrell  Coal  Company,  bituminous, 
Dartmouth  Goal  Company,  bituminous. 

019.08 

720.36 

ft 

- 

- 

4  36 

882.81 

- 

- 

- 

- 

4  18 

],U81.'i6 

521.11 

- 

- 

- 

4  16 

Darrow-Mann  Company,  bituminous,    . 

- 

106.42 

- 

- 

- 

4  02 

Dartmouth  Coal  Company,  bituminous. 

- 

102.80 

- 

- 

-  • 

3  98 

E.  B.  Towneeod,  buckwheat  anthracite, 

493.08 

- 

- 

- 

- 

8  28 

E.  B.  Townsend,  buckwheat  anthracite, 

. 

998.87 

— 

- 

- 

3  08 

E.  B.  Townsend,  screenings,  . 

- 

10.16 

- 

— 

- 

3  67 

E.  B.  Townsend,  SOI eenlsgs,  . 

20.64 

- 

- 

- 

- 

8  44 

B.  B.  Townsend,  screenings,  . 

- 

77.30 

- 

- 

- 

8  18 

Gillespie  &  Pierce,  screenings, 

161.68 

2.49 

- 

- 

- 

2  24 

Bay  State  Fuel  Company,  screenings,    . 
Locke  Coal  Company,  bituminous, 

479.50 

- 

- 

- 

- 

2  24 

- 

- 

700.00 

- 

- 

4  40 

Locke  Coal  Company,  screenings,  . 

- 

- 

414.68 

- 

- 

2  24 

D.  J.  Cutter  &  Co.,  anthracite, 

- 

- 

- 

N6.58 

- 

$7  28  and  7  66 

Peirce  &  Winn  Company,  bituminous,  . 

- 

- 

- 

mm 

846.80 

4  48  to    6  04 

Wellington  Wild  Coal  Company,  bltu. 

- 

- 

- 

- 

22.48 

4  76 

mmous. 

Peirce  &  Winn  Company,  screenings,    . 

- 

- 

- 

151.64 

2  24 

Total  gross  tons,  bituminoup,  . 

8,023.00 

2,508.26 

700.00 

- 

868.78 

- 

Total  gross  tons,  anthracite,     . 

408.08* 

998.87* 

- 

286.68 

- 

- 

Total  gross  tons,  anthnicito  screen- 

661.67 

89.94 

414.68 

- 

161.64 

— 

ings. 

Average  price  per  gross  ton,  bitu. 

$4  81 

$4  86 

$4  40 

- 

$4  68 

— 

minous. 

Average  price  per  gross  ton,  anthra- 

cite. 
Average  price  per  gross  ton,  anthra- 

8 28* 

3  08* 

i 

$7  86 

- 

— ■■ 

2  28 

3  21 

2  24 

- 

224 

- 

cite  screenings. 

*  Buckwheat. 
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Chestnut  Hill  High^se^^ice  Station. 

The  water  used  in  the  high-service  district  of  Boston,  in  the  city 
of  Quincy  and  the  towns  of  Watertown,  Belmont  and  Milton,  was 
pumped  at  this  station. 

The  following  are  the  statistics  relating  to  the  operations  at  this 
station  :  — 


Total  quftDtlty  pumped  (million  g»Uoot),  . 
Dally  average  qnaotlty  pamped  (gallont), 
Total  coal  need  (poandu),    .       .       .       . 
OalloDt  pumped  per  poaod  of  ooal,    . 
Average  head  pumped  against  (feel), 
Coat  of  pumping :  — 

Labor, 

Fuel, 

Repaira, 

Oil,  waste  and  packing,        .... 

Small  enppllee, 

Totala 

Cost  per  million  gallone  pumped, 

Cost  per  million  gallone  raised  1  foot  high, 


Engines 
Nos.land2. 

Bngiae 
No.  8. 

Engine 
No.  4. 

676.S0 

292.66 

10,522.75 

1,574,000 

800,000 

26,751,000 

1,012,902 

279,676 

6,666,787 

686.12 

1,047.14 

1,215.56 

120.60 

127.90 

129.80 

$1,906  85 

$473  27 

$12,865  16 

1,606  74 

471  12 

16,118  17 

149  64 

844  10 

616  16 

64  52 

16  00 

488  64 

142  00 

22  03 

614  26 

$4,181  84 

$1,826  52 

$29,567  41 

$7,170 

$4,529 

$2,610 

.059 

.085 

.022 

Touls  for 
Sutton. 


11,301.61 

81.125,000 

9,949,816 

1,144.96 

128.83 

■ 

$15,266  60 

17,451  08 

1,009  90 

519  16 

776  36 


$35,025  27 

$8,075 

.024 


The  quantity  pumped  was  nearly  4  per  cent,  greater,  and  the  cost 
per  million  gallons  pumped  was  $1,704  less,  than  during  the  previous 
year.  The  greater  part  of  the  reduction  in  the  cost  of  pumping  was 
due  to  decreased  cost  of  fuel  and  reimirs. 

Chestnut  Hill  Low-service  Station. 

The  quantity  of  water  pumped  at  this  station  was  27.8  per  cent, 
less  than  during  the  year  1903,  the  reduction  being  due  to  the  use 
of  the  Weston  x\queduct. 

The  following  are  the  statistics  relating  to  operations  at  this 
station  :  — 

Enfflnet 
Nos.  5, 6  and  7. 

Total  quantity  pumped  (million  gallons), 20,26S.94 

Daily  average  quantity  pumped  (gallons), 55,380,000 

Total  coal  used  (pounds) 8,662,868 

Gallons  pumped  per  pound  of  coal, 2,339.75 

Average  head  pumped  against  (feet), 54.91 
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Cost  of  pumping .  —  no«.  Sffwd  7. 

Labor |16,693  00 

Fuel 15,720  63 

Repairs, 1,190  77 

Oil,  waste  and  packing, 522  54 

Small  supplies,                887  21 

Total  for  station, |88,864  15 


Cost  per  million  gallons  pumped, . 

Cost  per  million  gallons  raised  I  foot  high, . 


11.671 
.080 


The  cost  per  million  gallons  pumped  was  $0,176  more  than  for  the 
year  1903.  This  ^vas  due  to  the  decrease  in  the  quantity  pumped, 
and  to  an  increase  of  17  feet  in  the  average  head  pumped  against. 

Spot  Pond  Pumping  Station. 

The  20,000,000-gallon  Holly  engine  pumped  all  the  water  at  this 
station. 

The  following  are  the  statistics  relating  to  operations  at  this 
station  :  — 


Total  quantity  pumped  (million  gallons). 
Daily  average  quantity  pumped  (gallons), 
Total  coal  used  (pounds). 
Gallons  pumped  per  pound  of  coal, 
Average  head  pumped  against  (feet). 

Cost  of  pumping :  — 
Labor, 
Fuel, 

Repairs,   . 

Oil,  waste  and  packing. 
Small  supplies. 

Total  for  station. 

Cost  per  million  gallons  pumped, . 

Cost  per  million  gallons  raised  1  foot  high, 


BDglne  No.  9. 

2,927.47 
7,999,000 
2,462,802 

1,188.67 
129.38 

•7,070  49 

8,990  00 

183  55 

158  40 

466  35 

111,868  79 

$4,054 
.081 


The  cost  per  million  gallons  pumped  was  $0.52  less  than  during 
the  previous  j-ear,  due  to  the  reduction  in  the  cost  of  fuel,  and  the 
use  during  the  entire  year  of  the  more  economical  engine. 


West  Roxbury  Pumping  Station. 

At  this  station  water  was  pumped  for  supplying  the  higher  por- 
tions of  West  Roxbury  and  Milton. 
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The  following  are  the  statistics  relating  to  operations  at  this 
station :  — 

Pumps  operated  6,668  hours ;  average,  18  hours  per  day. 

Daily  average  quantity  of  water  pumped  (gallons),     ....  504,000 

Daily  average  quantity  of  coal  consumed  (pounds),     .  1,683 

Gallons  pumped  per  pound  of  coal, 300 

Average  lift  in  feet, 133 

Cost  of  pumping :  — 

Labor,      . $2,960  14 

Fuel 2,064  84 

Repairs  and  small  supplies, 298  03 

Total  for  station, $5,312  61 

Cost  per  million  gallons  pumped, $28,799 

Cost  per  million  gallons  raised  1  foot  high, .217 

The  quantity  pumped  was  82,000  gallons  per  day,  or  nearly  20 
per  cent,  greater  than  during  the  year  1903,  while  the  cost  of 
operating  remained  nearly  the  same.  The  cost  per  million  gallons 
pumped  was  $5.55  less  than  for  the  previous  year. 

Arlington  Pumping  Station, 

All  water  supplied  to  the  town  of  Lexington  and  to  the  high- 
service  district  of  Arlington  was  pumped  at  this  station. 

The  following  are  the  statistics  relating  to  operations  at  this 
station  :  — 

Pumps  operated  8,771  hours  30  minutes ;  average,  24  hours  per  day. 

Daily  average  quantity  of  water  pumped  (gallons),     ....  617,000 

Daily  average  quantity  of  coal  consumed  (pounds),     ....  3,000 

Gallons  pumped  per  pound  of  coal, 173 

Average  lift  in  feet, 282 

Cost  of  pumping :  — 

Labor, $3,089  68 

Fuel, 1,989  03 

Repairs  and  small  supplies, 262  30 

Total  for  station, $6,340  91 

Cost  per  million  gallons  pumped, $28,199 

Cost  per  million  gallons  raised  1  foot  high, .  100 

The  cost  per  million  gallons  pumped  was  $3,766  less  than  during 
the  vear  1903,  due  to  a  reduction  in  the  cost  of  fuel. 
The  exterior  of  the  building  has  been  painted. 
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Consumption  of  Water. 

The  daily  average  quantit}^  of  water  consumed  in  the  cities  and 
towns  supplied  by  the  Metropolitan  Water  Works  during  the  year 
1904  was  114,876,000  gallons,  equal  to  123.8  gallons  per  inhabitant 
in  the  district  supplied.  In  addition  to  the  above,  631,540,000 
gallons,  equivalent  to  a  daily  average  supply  of  1,726,000  gallons, 
were  supplied  to  the  city  of  Cambridge. 

The  consumption  in  the  several  districts  was  as  follows :  -x- 


OaIIodb 
per  Day. 


locreaM 

(OftliODt 

per  Day). 


Soatharn  low-servloe  dUtriet,  embracing  the  low^ervice  dlatrict  of  Boston, 
with  the  ezoepiloD  of  Charleatowo  And  Bast  Boaton 

Northern  low.aerrlce  dlatrict,  embracing  the  low-aerrlee  distrlota  of  Somer- 
ville,  Chelsea,  Maiden,  Modford,  Bverett,  Arlington,  Charleatown  and  Bast 
Boston 

Boothern  hlgh*Berviee  district,  embracing  the  hlghaervlce  diatricti  of  Boaton, 
Qulney,  VVatertown,  Belmont,  and  a  portion  of  Milton, 

Northern  high-service  district,  embracing  Melrose,  Revere,  Wlnthrop,  Swamp- 
acott,  Nahant  and  Stoneham,  and  the  high-service  districts  of  Somervllle, 
Chelsea,  Maiden,  Medford,  Bverett  and  Beat  Boaton 

fionthern  extra  high-aervice  diatrict,  embracing  the  hlgheat  portiona  of  West 
Rozbury  and  Milion 

Northern  extra  high-service  district,  embracing  Lexington  and  the  highest 
portions  of  Arlington, 

ToUls, 


47,652.000 


3,024,000 


27,630,000 

2,102,000 

30,610,000 

1,083,000 

7,063,000 

484,000 

604,000 

82,000 

617,000 

18,000 

114,876,000 

7,728.000 

In  June  a  portion  of  the  Dorchester  district  of  the  city  of  Boston, 
containing  about  9,000  people,  was  transferred  from  the  southern 
low-service  to  the  southern  high-service  district.  With  this  excep- 
tion the  area  of  the  several  districts  remains  substantially  the  same 
as  in  1903. 

The  increase  of  7,728,000  gallons  per  day  in  the  consumption 
during  the  past  year  was  due  to  a  great  extent  to  the  use  of  water  to 
prevent  freezing  of  service  pipes  during  the  unusually  cold  weather 
in  January,  February,  March  and  December.  In  February  the  daily 
average  quantity  used  was  139,941,000  gallons,  which  was  20,318,- 
000  gallons  in  excess  of  the  quantity  used  in  February,  1903  ;  and 
the  daily  average  for  the  months  of  January,  February,  March  and 
December  was  13,445,000  gallons  more  than  during  the  correspond- 
ing months  of  the  previous  year,  while  the  increase  for  the  remain- 
ing eight  months  of  the  year  was  4,886,000  gallons  per  day. 
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During  the  jiast  year  continuous  iiieasiireuienta  have  been  made  by 
means  of  Venturi  meters  of  the  water  consumed  in  each  city  and 
town  supplied  from  the  Metropolitan  Works.  From  these  measure- 
ments can  bo  determined  the  consumption  of  M'ater  at  any^hour  of 
the  day  in  any  city  or  town ;  and  in  cases  where  the  city  or  town  is 
divided  into  low  and  high  service  districts,  the  rate  of  consumption 
in  each  of  the.se  districts  can  also  be  determined. 

The  following  diagram  shows  the  daily  average  rate  of  consump- 
tion of  water  in  the  district  supplied  by  the  Metropolitan  Works  for 

Average  Raie  of  ConsvTnption  tn  Metropolitan  Water  District  and 
Average  Temperature  of  Air  at  CheslntU  Bill  Reservoir  for  Each 
Week  during  1904. 


an         Ffb       Mar       Apr       Moy     J<jrit      July       Aug      Sept.      Oct       Nov        Dec 
rage  Rate  of  Consumption  for  each  week,  thus  V/////A 
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(Bach  week  during  the  year,  also  the  rate  of  consumption  between 
the  hours  of  1  and  4  a.m.,  and  the  average  tetnperature^of  the  air  for 
the  week.  It  will  be  noticed  that  the  largest  consumption  of  water 
occurred  during  the  weeks  when  the  temperature  was  lowest,  and 
that  the  rate  of  consumption  between  the  hours  of  1  and  4  a.m.  for 
several  weeks  in  January  and  February  was  larger  than  the  24-hour 
rate  during  the  summer  months. 

The  daily  average  consumption  of  water  in  each  of  thecities  and 
towns  supplied  from  the  Metropolitan  Works  during  the  year  1904, 
as  measured  by  the  Venturi  meters,  was  as  follows  :  — 


Estimated 
Population. 


BOBtOD,       . 

Somervllle, 
IfftldeD,    . 
Cheltaa,    . 
Everett,    . 
Qaioey,     . 
Medford,  . 
Melroee,   . 
Revere,     . 
WetertowD, 
Arlington, 
Milton,      . 
Wlnthrop, 
Stonebam, 
Belmont,  . 
Lexington, 
Nahant,    . 
Swampaeoit, 
Diatrlct, 


611,830 

70,820 

40,825 

37.835 

20,870 

27,880 

22,125 

14,445 

18,710 

11,250 

10,150 

7,740 

7,770 

6,420 

5,045 

3,620 

2,810 

6.170 


Dailt  Aybbagk  Con- 

8UXPTION. 


928,770 


Gallons. 


87,680,300 

6,228,800 

1,868,000 

4,260,500 

2,624,400 

2,828,200 

1,802,000 

1,525,100 

088,000 

628,600 

752,400 

316,800 

742,800 

558,300 

248,800 

282,700 

181,000 

521,200 


Oallons  per 
Capita. 


113,022,300 


148 
80 
46 

118 
89 

101 
81 

106 
68 
55 
74 
41 
06 
87 
40 
78 
57 
84 


123 


A  comparison  of  the  figures  in  this  table  shows  very  plainly  the 
gi*eat  diflerence  in  the  quantity  of  water  consumed  in  diflFerent 
municipalities,  and  is  of  especial  interest  at  the  present  time,  for 
the  reason  that,  in  compliance  with  chapter  426  of  the  Acts  of  the 
vear  1904,  the  measurements  of  the  water  used  by  each  municipality 
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during  the  year  1905  will  be  used  in  determining  the  assessment  to 
be  paid  by  each  in  1906.  Similar  figures  for  each  month  of  the 
year  are  given  in  Appendix  No.  3,  Table  No.  22. 

The  autographic  records  furnished  by  the  Venturi  meters  are  fre- 
quently of  much  assistance  in  detecting  leaks  from  the  pipes,  and  in 
determining  the  quantity  of  water  used  at  large  fires  or  for  other 
purposes  in  excess  of  the  ordinary  consumption.  A  study  of  these 
records  from  week  to  week  also  furnishes  much  information  of  value 
in  determining  the  causes  of  and  in  preventing  the  waste  of  water. 
For  example,  the  Venturi  meter  supplying  the  town  of  Swampscott 
indicated,  on  February  14,  an  increase  in  the  consumption  from 
400,000  gallons  to  about  1,000,000  gallons  per  day.  The  local 
authorities  were  notified  on  February  16  that  there  was  probably  a 
large  leak  from  their  pipes,  but  it  was  not  until  February  26  that 
the  cause  was  discovered  and  the  leak  repaired.  Had  it  not  been 
for  the  record  of  the  meter,  this  leak,  which  was  due  to  a  broken 
8-inch  pipe,  would  probably  have  continued  for  a  long  time,  as  it 
i-an  into  a  drain  without  showing  on  the  surface  of  the  ground. 

The  consumption  of  water  in  the  cities  and  towns  supplied  from 
the  Metropolitan  Works,  as  measured  by  the  Venturi  meters,  is 
slightly  less  than  the  quantity  supplied  to  the  District,  as  deter- 
mined by  pump  measurements,  and  by  the  fiow  of  the  Weston  Aque- 
duct as  measured  by  a  Venturi  meter.  The  total  difference  is  less 
than  1,000,000  gallons  per  day,  a  large  part  of  which  is  accounted 
for  by  the  quantity  of  water  used  at  the  pumping  stations,  and  by 
the  leakage  from  the  84.21  miles  of  pipes  and  the  several  distribut- 
ing reservoirs  connected  with  the  works,  this  use  and  leakage  not 
being  measured  by  the  Venturi  meters. 

Quality  of  the  Water. 

Samples  of  water  were  collected  every  three  months  from  four 
points,  every  two  months  from  six  points,  and  monthly  from  seven 
points  on  the  works,  and  sent  to  the  State  Board  of  Health  for 
analysis  and  examination.  Samples  of  water  were  also  collected 
each  week  from  many  points  upon  the  works,  and  examined  micro- 
scopically and  for  color,  odor,  taste  and  turbidity  by  the  biological 
force  of  the  Metropolitan  Water  and  Sewerage  Board. 

The  quality  of  the  water  furnished  was  substantially  the  same  as 
during  the  past  two  years. 
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The  following  table  gives  a  comparison  of  the  average  results  of 
the  examinations  of  water  from  a  tap  in  Boston  for  the  years  1900  to 
1904,  inclusive;  — 


190S.    i     1908.    I     1904. 


State  Board  of  Health  Examinations 
Color  (Nesalar  suodard), 
Toul  realdae,     . 
LoM  OD  ignition, 
Free  ammonia,    . 

!  total, 
dlMolved, 
•Qsponded, 
Chlorine, 

Nitrogen  aa  nltratea,  . 
Nitrogen  aa  nitrites,   . 
Oxygen  consumed, 
Hardness,    . 


Metropolitan  Water  and  Sewerage  Board 
Examinations. 
Color  (platinom  standard), 

Turbidity 

Total  organisms. 
Amorphous  matter,    . 
Bacteria,  .       . 


0.24 

3.80 

1.20 

0.0012 

0.0157 

0.0188 

O.OOIO 

0.26 

0.0076 

O.OOOl 

0.88 

1.8 


84 

468 

07 

181 


0.24 

0.26 

4.43 

8.93 

1.64 

1.56 

0.0013 

0.0016 

0.0158 

0.0189 

0.0148 

0.0119 

0.0015 

0.0020 

0.80 

0.29 

0.0178 

0.0092 

O.OOOl 

0.0001 

0.42 

0.40 

1.7 

1.3 

84 

83 

8.0 

2.3 

248 

867 

38 

84 

162 

164 

0.25 

8.98 

1.50 

0.0013 

0.0125 

O.OIIO 

0.0015 

0.30 

0.0142 

0.0001 

0.39 

1.5 


85 
2.2 
286 

36 
126 


0.23 

8.98 

1.59 

0.0028 

0.0189 

0.0121 

0.0018 

0.84 

0.0110 

0.0001 

0.87 

1.5 


82 
2.4 
303 

36 
176 


NoTB.  — Chemical  analyses  are  in  parts  per  100,000,  organisms  and  amorphous  matter  in  standard 
units  per  cubic  centimeter,  and  bacteria  in  number  per  cubic  centimeter.  The  standard  unit  has  an  area 
of  400  square  microns,  and  by  Its  uso  the  number  of  diatomacesD  are  decreased,  and  the  number  of 
chlorophyceas  and  cyanophycesB  are  very  much  Increased,  as  compared  with  the  number  of  organisms. 

More  than  8  per  cent,  of  the  water  supplied  to  the  Metropolitan 
District  passes  through  Spot  Pond,  in  which  the  color  is  reduced  by 
the  bleaching  action  due  to  long  storage  to  about  two-thirds  that  of 
the  water  supplied  to  the  remainder  of  the  District. 


Biological  Laboratory. 

The  laboratory  has  been  in  charge  of  Burton  G.  Philbrick, 
biologist. 

The  samples  of  water  have  been  taken  weekly  at  twenty-nine 
points  and  fortnightly  at  six  points  on  the  works,  and  special  sam- 
ples have  been  taken  from  time  to  time  from  the  reservoirs  and  the 
brooks  entering  them,  and  from  the  filters  at  Marlborough,  Hop- 
kinton  and  Lake  Cochituate.  There  were  made  during  the  year 
2,277  microscopical  examinations,  of  which  1,756  were  made  in 
connection  with  the  regular  weekly  samples,  and  521  in  connection 
with  the  miscellaneous  samples. 

The  Wachusett  Reservoir  has  had  water  stored  in  it  for  the  whole 
year  for  the  first  time,  and  the  water  in  it  now  has  the  character- 
istics of  a  reservoir  rather  than  a  river  w^ater,  in  that  it  contains  a 
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somewhat  larger  growth  of  microscopic  organisms,  and  is  to  some 
extent  decolorized  by  storage.  The  organisms  have  not  been  abun- 
dant, and  the  water  has  been  practically  free  from  odor.  The  color 
during  the  latter  part  of  the  season  was  much  lower  than  that  of  the 
river  water. 

In  the  Sudbury  Reservoir  and  in  Framingham  Reservoir  No.  3 
the  microscopic  organisms  were  more  abundant  in  the  latter  half  of 
the  year  than  usual,  causing  an  odor  which  was  quite  persistent, 
and  which  was  reported  from  week  to  week  by  the  biologist.  The 
odor  did  not,  however,  become  sufficiently  strong  to  cause  com- 
plaints from  the  water  takers. 

In  Lake  Cochituate  the  organisms  were  unusually  few  for  nearly 
the  whole  of  the  year,  and  the  water  of  such  satisfactory  quality 
that  it  could  be  used  duriiig  the  greater  part  of  the  year.  In  De- 
cember, however,  there  was  an  abundant  growth  of  Synura,  which 
rendered  the  water  for  the  time  being  unsuitable  for  use. 

The  bacteriological  work  for  the  year  consisted  of  routine  weekly 
examinations,  monthly  examinations  of  the  main  feeders  of  the 
Sudbury  Reservoir,  of  Framingham  Reservoir  No.  3  and  of  Lake 
Cochituate,  monthly  tests  of  the  efficiency  of  the  Pegan  and  Marl- 
borough Brook  filters,  and  occasional  miscellaneous  examinations. 
A  total  of  530  samples  were  examined. 

Sanitary  Inspection. 

The  sanitary  inspection  of  the  Wachusett,  Sudbury  and  Cochitu- 
ate watersheds  has  been  continued  during  the  year,  under  the  direc- 
tion of  William  W.  Locke,  C.E.,  Sanitary  Inspector. 

Upon  the  Wachusett  watershed  there  have  been  10  cases  of  typhoid 
fever  in  Holden,  3  in  Princeton  and  1  in  West  Bovlston.  None  of 
these  cases  were  within  the  limits  of  the  reservoir.  The  usual  close 
watch  has  been  kept  over  the  camps  and  laborers  employed  within 
the  limits  of  the  reservoir,  to  see  that  the  water  supply  was  not  pol- 
luted. The  number  of  cases  of  typhoid  fever  upon  the  Sudbury  and 
Cochituate  watersheds  was  20,  divided  as  follows  :  Marlborough,  6  ; 
Framingham,  6 ;  Westborough,  6 ;  Southborough,  1  ;  and  Way- 
land,  1. 

A  summary  of  the  work  of  sanitary  inspection  for  1904  is  given 
in  the  following  four  tables.  The  first  table  shows  for  the  Wachu- 
sett watershed  the  number  of  premises  inspected,  the  classification 
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of  cases  inspected,  and  the  condition  of  the  premises  at  the  end  of 
the  year ;  the  second  table  gives  the  corresponding  information  fpr 
the  Sudburv  and  Cochituate  watersheds  ;  the  third  table  shows  the 
improvements  effected  on  the  Wachusett  watershed ;  and  the  fourth 
table  the  improvements  effected  on  the  Sudbury  and  Cochituate 
watersheds. 

The  headings  of  these  tables  explain  themselves,  except  in  a  few 
instances:  under  the  heading  ''Premises  Vacant"  are  included  all 
cases  which  at  present  furnish  no  objectionable  drainage,  but  which 
might  furnish  such  drainage  if  the  premises  were  occupied ;  under 
the  heading  "Unsatisfactory"  are  included  all  cases  where  there 
may  be,  under  the  most  unfavorable  conditions,  wash  from  privies  or 
direct  sink  drainage,  all  suspected  cases,  and  all  cases  of  manufac- 
turing wastes  entering  feeders,  even  though  there  may  be  some 
attempt  at  previous  purification. 

In  the  third  and  fourth  tables  no  cases  are  entered  as  remedied 
unless  complete  sewer  connections  have  been  made,  or  all  proba- 
bilitv  of  future  contamination  has  been  removed ;  and  no  cases  are 
entered  as  partly  remedied  except  where  positive  improvement  in 
the  sanitary  condition  has  been  effected. 

Summary  of  Sanitary  Inspections  on  the  Wacfiusett  Watershed  in  1904, 


DiaTBICT. 


1    ' 

9 


Class iricATioM  of  Casks  inspbctbd. 


« 

«  o 
^  o. 

5  c 


i  5^5 


=  ^     :  5 


Fiencb  Brook. 

88 

Muddy  Brook, 

32 

Oates  Brook, 

138 

Maiden  Brook, 

16 

Chaffln  Brook, 

1     146 

Araobumsklt  Brook,   . 

270 

Muitquapoag, 

Soatta  Wachasett  Brook,     . 

101 

90 

Troat  Brook, 

49 

East  Wachusett  Brock, 

212 

Stillwater  River,  . 

170 

Waushacum, 

180 

French  Hill, 

38 

Touls, 

.     1,680 

Ml 

S 


M  « 


a  m 


■a 
c 


e 
a 

0 

m 


a 


a    • 


B 


s 

£ 


COMDITION 

AT  End  or 
Ykar. 


36 

2 

6 

34 

6 

11 

_ 

. 

• 

- 

4 

20 

— 

2 

73 

8 

. 

- 

2 

9 

60 

— 

3 

8 

- 

. 

— 

— 

1 

13 

■m 

- 

34 

1 

— 

4 

6 

81 

78 

1 

4 

110 

11 

2 

4 

27 

26 

110 

8 

12 

22 

_ 

. 

4 

- 

18 

68 

1 

12 

17 

1 

. 

5 

1 

7 

43 

- 

8 

4 

1 

^ 

2 

- 

4 

28 

1 

1  ' 

47 

1 

1 

7 

5 

26 

112 

- 

13 

63 

3 

. 

4 

5 

17 

74 

- 

7 

53 

3 

3 

6 

19 

19 

67 

. 

5 

17 

1 

- 

- 

1 

3 

U 

- 

3 

495 

25t 

0 

36 

68 

170 

711 

6 

76 

■ 

>> 

b 

b 

O 
-*• 

o 

m 

•5 

«> 

a 

m 

%m 

^rf 

m     • 

e: 

m 

^ 

a 

QQ 

ta 

79 

30 

132 

15 

130 

282 

89 

83 

47 

198 

163 

162 

36 


1,386 


9 
2 
6 
1 

16 
88 
12 

t 

2 
14 

7 

28 

2 


144 


*  On  some  premises  there  are  two  or  more  cases. 

t  In  addition,  ten  cesspools  and  six  privy  vaults  for  temporary  use  were  built  at  houses  owned  by  the 
Board,  which  have  been  or  will  be  uliimately  torn  down. 
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*  Not  including  a  large  number  of  premiaea  which  were  found  on  examination  to  be  in  a  aatlafactory 
aanltary  condition,  and  likely  to  remain  ao.    On  aome  premiaea  there  are  two  or  more  caaea. 
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Sanitary  Improvements  effected  on  the  Sudbury  and  Cochituate  Watersheds 
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Among  the  cesspools  dug  on  the  Wachusett  watershed  during  the 
year  were  two,  each  10  feet  in  diameter  and  10  feet  deep,  for  large 
private  sanatoriums  in  Rutland.  As  the  soil  was  poor  for  filtration 
purposes,  about  450  feet  of  4-inch  open-jointed  tile  pipe  were  laid 
near  the  surface  from  each  cesspool,  to  receive  the  overflow. 

The  work  of  making  sewer  connections  in  the  various  towns  has 
not  on  the  whole  progressed  quite  as  rapidly  as  during  the  preced- 
ing year. 

In  Natick  fixtures  were  installed  and  sewer  connections  made  with 
51  houses,  against  75  the  preceding  year. 

In  South  Framingham  45  houses  have  been  connected  with  the 
sewer,  against  56  the  preceding  year. 

In  Marlborough  there  have  been  35  connections,  against  23  the 
preceding  year. 
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In  Westborough  13  connections  have  been  made,  against  10  the 
preceding  year,  — a  total  of  144  against  164  the  preceding  year. 

The  sanitary  conditions  at  Hopkinton  still  remain  somewhat  un- 
satis&ctory. 

The  New  York,  New  Haven  &  Hartford  Railroad  Company  has 
double-tracked  its  road  from  Framingham  to  Southborough  this 
year,  and,  as  the  road  for  a  portion  of  the  distance  crosses  two. of 
tlie  reservoirs,  special  inspection  has  been  necessary,  to  prevent  the 
pollution  of  the  water  by  the  workmen. 

There  are  in  places  leaks  into  the  Cochituate  Aqueduct,  where  it 
is  built  in  deep  cuttings  or  in  tunnel.  By  collecting  samples  of 
water  from  these  leaks,  and  analyzing  them,  evidence  was  found  of 
pollution  which  was  traced  to  two  houses  in  Newton.  Temporary 
measures  were  taken  to  stop  the  pollution,  and  later  in  the  year  the 
city  of  Newton  extended  its  sewerage  system,  and  these  houses  were 
connected  with  it. 

A  new  sanitary  census  of  the  Sudbury  and  Cochituate  watersheds 
was  begun  this  year,  similar  to  that  taken  in  1902  on  the  Wachusett 
watershed.  This  has  been  completed  for  the  whole  town  of  South- 
borough  and  portions  of  Natick  and  Ashland,  and  it  is  expected  that 
it  will  be  completed  for  the  remainder  of  these  watersheds  in  1905. 

Drainage  of  Swamps. 

The  ditches  built  to  drain  swamps  on  the  Sudbury  and  Wachusett 
watersheds,  having  a  total  length  of  27.4  miles,  have  required  no 
special  repairs  during  the  year.  The  15.55  miles  of  ditches  tribu- 
tary to  the  open  channel  require  about  two-thirds  of  the  time  of  2 
men  to  maintain  them  in  good  condition.  Special  forces  are  also 
required  at  times  to  cut  the  bushes  at  the  sides  of  the  ditches. 

Observations  of  the  color  of  water  from  Crane  swamp  and  from 
the  swamp  southwest  of  Marlborough  Junction  before  and  after 
draining  have  been  given  in  previous  reports.  For  the  year  1904 
the  average  colors  have  been  respectively  99  and  71,  which  are 
somewhat  lower  than  in  most  previous  years. 

Distributing  Reservoirs. 

The  distributing  reservoirs  maintained  by  the  Board  are  the 
Weston  and  Chestnut  Hill  reservoirs ;  the  Waban  Hill  and  Forbes 
Hill  reservoirs  and  the  Forbes  Hill  standpipe,  of  the  southern  high- 
service  system ;  Spot  Pond  and  the  Mystic  Reservoir,  near  Tufts 
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College,  of  the  low-service  system ;  the  Fells  and  Bear  Hill  reser- 
voirs, of  the  northern  high-service  system ;  and  the  Arlington  stand- 
pipe,  of  the  northern  extra  high-service  system. 

Weston  Resei'voir. 

Since  the  completion  of  the  Weston  Reservoir,  in  the  spring,  the 
grounds  about  it  have  been  kept  in  good  order,  the  grass  has  been 
cut  and  the  hay  harvested. 

Chestnut  Hill  Reservoir. 

In  addition  to  the  usual  care  of  the  gate-houses  and  grounds,  re- 
pairs have  been  made  at  this  reservoir  as  follows  :  the  cover  stones 
over  the  Cochituate  Aqueduct,  near  the  influent  gate-house,  have 
been  reset,  and  the  joints  between  the  flagstones  surrounding  the 
influent  and  intermediate  gate-houses  have  been  repointed.  At  the 
old  efliuent  gate-house  the  masonry  of  the  steps  was  repointed. 
Three  manholes  on  the  surface  water  drain  near  the  Lawrence  Basin 
have  been  rebuilt.  The  ironwork  in  the  terminal  chamber  of  the 
Sudbury  Aqueduct  and  in  the  small  gate-house  on  the  Cochituate 
Aqueduct  near  the  high-service  pumping  station  was  cleaned  and 
painted.  Concrete  steps  have  been  built  to  replace  wooden  steps  in 
front  of  the  pumps  used  for  drinking  purposes.  The  walk  on  the 
reservoir  embankment  between  the  old  efliuent  gate-house  and  a 
point  near  Reservoir  Lane,  a  distance  of  1,780  feet,  has  been  re- 
surfaced, using  ashes  from  the  pumping  station,  with  a  very  light 
sprinkling  of  stone  duat  on  the  surface.  During  the  summer  from 
2  to  4  men  were  required  to  police  the  grounds  on  Sundays,  holi- 
days and  evenings. 

Waban  Hill  Reservoir, 

The  reservoir  and  gate-house  are  in  good  order,  and  the  grass  on 
the  embankments  was  somewhat  improved  in  appearance,  as  com- 
pared with  the  previous  year.  A  fence  250  feet  long,  with  \vrought- 
iron  posts  set  in  concrete,  and  wrought-iron  rails,  was  built  to 
replace  a  fence  with  wooden  posts  which  were  decayed.  This  res- 
ervoir is  cared  for  by  the  force  employed  at  Chestnut  Hill  Reservoir. 

Forbes  Hill  Reservoir  and  Standpipe. 

Both  the  woodwork  and  ironwork^  of  the  tower  and  reservoir 
gate-chamber  and  the  iron  railing  around  the  reservoir  have  been 
painted  by  the  attendant  permanently  employed  at  the  reservoir. 
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Cast-iron  caps  have  been  placed  on  the  posts  of  the  fence  surround- 
ing the  reservoir,  to  protect  theni  from  the  weather.  Observations 
taken  during  the  extreme  cold  weather  of  January  and  February 
showed  that  the  thickness  of  ice  which  formed  in  the  standpipe  did 
not  exceed  6  inches. 

Spot  Pond, 

The  pond  has  remained  at  or  near  high  water  during  the  year, 
except  on  four  occasions.  In  January  and  February  the  demand 
for  water  during  the  extremely  cold  weather  caused  the  surface  to  be 
drawn  down  to  about  1  foot  below  high  water  in  each  month.  From 
October  3  to  10  and  October  24  to  31  water  was  drawn  from  the  pond 
for  the  supplj'  of  the  District,  while  the  Sudbury  Aqueduct  was  shut 
off  for  repairs.  On  each  of  these  occasions  the  water  fell  to  about 
\\  feet  below  high  water.  In  addition  to  the  ordinary  care  given 
to  the  reservoir  and  grounds  about  the  pumping  station,  356  cubic 
yards  of  sand  and  gravel  and  75  cubic  yards  of  loam  have  been 
placed  on  or  above  the  shores  of  the  pond  near  the  corner  of 
South  and  Main  streets,  where  the  embankment  had  settled  so  that 
the  water  was  encroaching  on  the  loamed  area.  The  regular  force 
employed,  with  some  assistance  from  men  detailed  from  other  parts 
of  the  works,  has  devoted  much  time  to  the  destruction  of  gypsy 
and  brown-tail  moths.  The  trees  near  the  pumping  station  have 
been  kept  fairly  clean,  but  the  trees  on  about  50  acres  of  land  at  the 
southerly  end  of  the  pond  were,  at  the  end  of  the  season,  very  badly 
infest(»d  with  the  eggs  of  gypsy  moths.  On  November  7  the  work 
of  thinning  out  trees  on  the  property  of  the  Board  around  the  pond 
was  begun,  for  the  purpose  of  improving  the  character  of  the  wooded 
areas  and  of  reducing  the  number  of  trees  to  be  protected.  At 
the  end  of  the  year  (>(>  acres  had  been  gone  over,  and  about  300 
cords  of  wood  cut  and  so  treated  as  to  kill  the  eggs  on  it.  This 
work  is  to  be  continued,  and  the  eggs  of  the  moths  on  the  uncut 
trees  are  to  be  destroyed  before  spring.  During  the  year  109  prop- 
erty bounds  were  set  around  the  pond. 

Mystic  Reservoir, 

This  reservoir  has  been  in  constant  use,  and  is  in  good  order ;  but 
the  gate-house  will  probably  require  a  new  roof  during  the  coming 
year.     The  driveway  has  been  thoroughly  repaired  by  building  new 
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tar  concrete  gutters  at  a  cost  of  $355,  and  by  surfacing  with  25  tons 

of  broken  stone.     The  tar  concrete  walk  around  the  reservoir  was 

also  repaired. 

Fells  and  Bear  Hill  Reservoirs. 

These  reservoirs  are  cared  for   by  the  force  employed  at   Spot 

Pond.     The  reservoirs,  with  their  gate-houses  and  grounds,  are  in 

good  order. 

Arlington  Standpipe. 

The  standpipe  has  been  in  service  throughout  the  entire  year. 
The  two  lower  sheets  of  the  standpipe  have  been  painted,  in  order 
to  obliterate  marks  made  by  visitors. 

Mystic  Lake. 

The  water  in  the  lake  was  kept  from  2^  to  3  feet  below  high  water 
from  the  first  of  January  until  the  middle  of  April.  During  the 
summer  the  water  was  kept  about  1  foot  below  high  water.  In  the 
early  part  of  October,  wliile  work  of  repairing  the  dam  was  in 
progress,  the  water  in  the  lake  was  lowered  to  about  3  J  feet  below 
high-watermark,  but  was  afterward  raised,  and  on  January  1,  1905, 
stood  at  elevation  14.50  above  Boston  city  base,  or  2 J  feet  below 
high-water  mark.  An  apron  of  Portland  cement  concrete,  about  6 
feet  wide  and  2  feet  thick,  has  been  built  below  the  outlet  dam,  to 
prevent  the  water  falling  over  the  dam  from  excavating  the  gravel 
and  undermining  the  concrete  foundations ;  and  the  joints  of  the 
masonry  piers  and  of  the  wingwalls  have  been  repointed  and  grouted. 
The  cost  of  the  apron  and  pointing  was  about  $370. 

The  house  occupied  by  the  attendant   has  been  reshingled  and 

otherwise  repaired,  at  a  total  cost  of  about  $225.     The  house  of  the 

Medford  Boat  Club  has  been  moved  to  a  point  about  100  feet  west  of 

its  former  location. 

Chelsea  Reservoir, 

In  June  an  arrangement  was  made  with  the  Water  Commissioners 
of  Chelsea,  by  which  the  Board  was  given  permission  to  draw  water 
from  the  high-service  reservoir  in  cases  of  emergency,  for  supplying 
other  cities  and  towns  in  the  Metropolitan  District ;  and  in  consid- 
eration of  this  privilege  the  Board  agreed  to  make  repairs  to  the 
lining  of  the  reservoir,  which  had  been  badly  cracked  by  the  action 
of  frost.  This  work  was  done  in  September  by  the  maintenance 
department,  at  a  cost  of  about  $3,500. 
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The  reservoir  is  177  feet  long  and  96  feet  wide,  with  semi-circular 
ends.  The  inner  slppes  were  originally  covered  with  4-inch  brick- 
work, laid  on  4  inches  of  Rosendale  cement  concrete.  The  cracks 
were  in  the  lining  on  the  upper  portion  of  the  slopes,  not  more  than 
4  feet  below  high- water  mark.  The  repairs  consisted  in  removing 
the  old  lining  down  to  a  point  about  6  feet  below  the  top  of  the  em- 
bankment, and  replacing  it  with  a  much  heavier  lining  of  Portland 
cement  concrete.  The  new  lining  had  a  thickness  of  about  2  feet  at 
the  high- water  line,  decreasing  to  9  inches  at  a  point  4  feet  below 
high  water,  where  it  joined  the  old  lining.  It  was  put  on  in  two 
layers,  with  a  coating  of  asphalt  between.  The  upper  layer  was  put 
on  in  blocks  5  feet  wide  and  about  10  feet  long,  and  the  upper  sur- 
face given  a  granolithic  finish. 

Pipe  Lines. 

No  extensions  were  made  during  the  year  to  the  pipe  lines  owned 
and  maintained  by  the  department.  Nineteen  leaks  were  repaired 
on  the  pipes,  at  a  cost  of  $1,579.  Sixteen  of  these  were  caused  by 
defective  joints,  one  by  the  breaking  of  a  valve  and  two  by  breaks 
in  the  mains.  One  of  the  last  two  occurred  on  February  25,  when 
a  30-inch  high-service  force  main  broke  on  the  grounds  at  Chestnut 
Hill  Reservoir,  near  the  low-service  pumping  station.  This  break 
was  caused  by  the  settling  of  the  pipe  in  filled  material.  The  second 
break  occurred  on  October  16,  when  the  16-inch  high-service  main 
supplying  Winthrop  broke  at  the  corner  of  Beach  Street,  in  Win- 
throp  Avenue,  Revere.  The  cost  of  repairing  the  break  in  the  30- 
inch  pipe,  including  the  damage  to  grounds,  was  $626.45;  and  the 
cost  of  repairing  the  break  in  the  16-inch  pipe,  including  $250  paid 
for  damage  to  sewer  construction,  was  $367.53. 

Diuring  October  and  the  early  part  of  November  the  1 2-inch  pipe 
line  on  Washington  Street  in  Lynn,  from  a  point  30  feet  south  of 
the  north  line  of  Suffolk  Street  to  a  point  180  feet  south  of  the 
north  line  of  Amity  Street,  a  distance  of  593  feet,  was  relaid,  as  it 
was  very  badly  damaged  by  electrolytic  action.  This  pipe  was  laid 
in  1898. 

In  July  two  insulating  joints  were  set  in  the  48-inch  pipe  line 
crossing  the  Charles  River  between  Boston  and  Cambridge,  near 
the  Boylston  Street  power  station  of  the  Boston  Elevated  Railway 
Company ;  and  in  December  two  additional  joints  were  placed  in 
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the  same  pipe  line,  one  on  Massachusetts  Avenue  near  the  bridge 
over  the  Fitchburg  Division  of  the  Boston  &  Maine  Raikoad,  and 
one  near  the  Allston  station  on  the  Boston  &  Albany  Railroad. 

The  Ross  pressure-regulating  valves  on  the  pipes  supplying  Win- 
throp  and  Swampscott,  which  did  not  satisfactorily  regulate  the 
pressure,  have  been  replaced  by  valves  designed  in  this  office  and 
built  by  the  Waters  Governor  Company. 

The  several  pipe  bridges  have  been  examined,  and  the  bridges 
over  the  Pines  River  were  repainted. 

Twenty-two  recording  pressure  gages  are  now  in  use,  connected 
with  the  distribution  system  at  different  points.  The  average  max- 
imum and  minimum  elevations  of  the  water,  due  to  the  pressure  at 
seventeen  points  in  different  parts  of  the  District,  are  given  in  Ap- 
pendix No.  3,  Table  No.  38. 

Ventuki  Meteks. 

The  number  of  meters  in  service  in  the  Metropolitan  Water  Dis- 
trict on  January  1,  1905,  was  53,  the  same  as  on  January  1,  1904. 
A  few  changes  have,  however,  been  made  in  the  size  and  location  of 
the  meters.  Two  48-inch  meters  supplying  the  low-service  district 
of  Boston,  which  were  located  near  the  low-service  pumping  station 
at  Chestnut  Hill,  were  moved  in  April  to  a  point  on  Beacon  Street 
3ust  below  the  connection  between  the  new  pipe  from  the  Weston 
Aqueduct  and  the  mains  leading  to  Boston.  This  change  was  made 
in  order  to  provide  for  accurate  measurements  of  the  water  supplied 
to  the  Boston  low-service  district. 

A  10-inoh  meter  on  Broadway  in  Chelsea  was  moved  from  its 
location  near  the  bridge  leading  to  Charlestown  to  a  point  near 
William  Street,  and  a  24-inch  valve  was  set  in  the  pipe  line  at  the 
latter  place.  The  old  location  near  the  Chelsea  bridge  was  very 
near  a  sea  wall,  through  which  the  cold  entered,  so  that  the  meter 
could  not  be  used  during  the  winter. 

The  8-inch  meter  supplying  the  town  of  Nahant  having  been 
found  to  be  too  large  to  measure  the  minimum  flow  during  the  win- 
ter months,  a  6-inch  meter  was  set  on  the  by-pass,  and  the  meter 
register  was  connected  in  such  a  way  as  to  measure  the  flow  through 
either  meter.  A  10-inch  weighted  check  valve  was  set  on  the  main 
line  of  pipe,  and  so  adjusted  that  it  will  open  in  case  the  meter  at 
any  time  fails  to  furnish  a  sufficient  supply. 
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Two  men  have  devoted  their  entire  time  to  the  work  of  reading 
the  meters,  winding  the  registers,  and  cleaning,  oiling,  painting  and 
repairing  the  registers  and  chambers.  All  of  the  chambers  have 
been  scraped  and  painted,  the  ironwork  of  the  registers  has  been 
painted,  and  the  bottom  of  the  chambers  covered  with  cement. 
Some  trouble  was  experienced  on  account  of  freezing  of  the  water 
in  the  registers  and  supply  pipes  during  the  extreme  cold  weather, 
and  for  the  purpose  of  preventing  this  seven  of  the  chambers  were 
covered  on  the  top  and  sides  to  a  depth  of  4  feet  from  the  sur&ce 
with  an  insulating  coating  composed  of  pitch  and  cork.  The  cost 
of  this  work  was  about  $70  per  chamber. 

Electrolysis. 

Investigations  relative  to  the  injury  to  the  pipes  caused  by  electric 
currents  from  the  street  railway  systems  have  been  continued  through- 
out the  year.  In  the  annual  report  for  the  year  1903  detailed  de- 
scriptions were  given  of  the  injury  done  to  48-inch  pipes  in  Cam- 
bridge, the  24-inch  pipes  in  Chelsea  and  12-inch  pipes  in  Lynn,  and 
also  of  an  experimental  test  of  an  insulating  covering  of  asphalt  and 
burlap  which  was  being  made  by  the  Boston  Elevated  Railway  Com- 
pany. On  April  6  this  covering,  which  was  applied  in  November, 
1902,  was  removed  from  one  length  of  48-inch  pipe  for  the  purpose 
of  examination.  Before  the  covering  was  applied  the  pipe  was  care- 
fully cleaned  and  the  pits  dug  out  and  located.  Upon  removing  the 
covering  many  new  pits  were  found,  and  in  some  cases  one  large  pit 
was  found  where  there  were  two  or  three  separate  pits  before  the 
covering  was  put  on.  The  number  of  pits  in  the  pipe  had  increased 
from  80  in  1902  to  49(5  in  1904. 

The  railway  engineers  suggested  that  possibly  the  pits  were  not 
all  dug  out  before  the  pipe  was  covered,  and  therefore  recovered  it 
for  a  further  test.  They  have  since  made  the  fallowing  experi- 
mental t^stSj  which  indicate  that  the  covering  has  little  if  any  value 
under  some  circumstances. 

A  short  piece  of  4-inch  pipe,  covered  in  the  same  manner  as  the 
large  i)ipe,  was  buried  in  dry  earth  in  a  box,  and  a  cast-iron  plate 
was  buried  1.25  feet  from  the  pipe.  In  one  test  tar  was  used  in  the 
covering,  and  in  another  asphaltum.  The  pipe  and  plate  were  con- 
nected in  the  regular  trolley  circuit  of  500  volts.  While  the  earth 
was  dry  the  resistance  between  the  pipe  and  the  plate  with  the  tar 
covering  was  700  megohms,  and  with  the  asphaltum  covering  34 
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Tnegohms.  The  earth  was  then  saturated  with  salt  water,  and  the 
resistance  quickly  diminished,  and  after  seven  to  ten  days  disap- 
peared. 

For  the  purpose  of  diminishing  the  injury  which  was  being  done 
to  the  two  lines  of  36-inch  pipe  crossing  under  the  Charles  River 
near  the  power  station  of  the  Boston  Elevated  Railway  Company  in 
Cambridge,  two  48-inch  insulating  joints  were  set  in  July,  one  on 
either  side  of  the  river.  Each  of  these  joints  was  composed  of  two 
flanged  pieces  of  48-inch  pipe,  bolted  together  with  a  gasket  of  pure 
rubber  ^  of  an  inch  thick  between  the  flanges.  The  bolts  joining 
the  flanges  were  covered  with  rubber  tubing  ^  of  *an  inch  thick,  and 
the  nuts  were  insulated  from  the  casting  by  means  of  a  washer  of 
rubber  ^  an  inch  thick.  The  joints  have  a  resistance  of  from  100  to 
200  ohms  when  the  pipe  is  filled  with  water,  and  are  enclosed  in 
water-proof  chambers,  to  prevent  the  entrance  of  ground  water. 

These  joints  reduce  the  quantity  of  electricity  leaving  the  36-inch 
pipes  in  the  river  from  25  amperes  to  less  than  5  amperes,  and  re- 
duce the  quantity  flowing  along  the  pipes  toward  the  power  station 
at  a  point  on  North  Harvard  Street  near  Franklin  Street  from  65 
amperes  to  40  amperes.  The  joints  were  expected  to  protect  the 
pipes  in  the  river,  at  the  expense,  to  some  extent,  of  other  portions 
of  the  pipe  line ;  and  the  measurements  of  currents  appear  to  show 
that  the  effect  has  been  substantially  as  expected,  as  the  quantity  of 
electricity  leaving  the  pipe  between  Western  Avenue,  Brighton,  and 
the  river,  was  increased  about  25  amperes. 

As  these  joints  reduced  the  quantity  of  electricity  flowing  along 
the  pipe  line,  the  i-ailway  company  desired  to  set  similar  joints  at 
other  points,  and  late  in  the  year  an  arrangement  was  made  for  the 
setting  of  four  additional  48-inch  joints.  Two  of  these  were  set  in 
December,  one  at  Porter's  Square  in  Cambridge  and  the  other  near 
the  AUston  station  on  the  Boston  &  Allmnv  Railroad.  Both  of  these 
joints  are  on  the  same  line  of  48-incli  pipe  as  the  two  joints  set  in 
July,  one  being  about  500  feet  south  and  the  other  7,500  feet  north 
of  the  Oharles  River. 

As  the  amount  of  current  flowing  along  the  pipes  at  difi'erent 
times  depends  upon  the  amount  of  power  developed  at  these  times 
at  the  different  power  stations,  many  observations  are  necessary  to 
determine  the  average  quantity  flowing  even  for  a  single  day,  and 
these  have  not  been  taken  since  the  last  joints  were  installed ;  but 
enough  measurements  have  been  taken  to  warrant  the  statement  that 
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the  introduction  of  the  joint  at  Porter's  Square  has  substantially 
stopped  the  flow  of  electricity  along  the  pipe  at  that  point.  The 
conditions  have  been  changed  so  as  to  increase  the  amount  of  elec- 
tricity leaving  the  pipe  north  of  the  joint,  but  there  appears  to  be 
at  present  not  more  than  40  amperes  flowing  along  and  leaving  the 
pipe  line,  in  place  of  90  amperes ;  and  there  has  also  been  a  very 
marked  reduction  in  the  diflferenee  of  potential  between  the  pipes 
and  the  rails  of  the  street  railway  company. 

The  measurements  thus  far  taken  appear  to  indicate  that  the 
eflfects  of  setting  an  insulating  joint  somewhere  near  the  middle  of  a 
pipe  line,  one  portion  of  which  is  electrically  positive  and  another 
negative  to  the  car  tracks,  are  as  follows  -  — 

1 .  To  stop  the  direct  flow  of  electricity  along  the  pipe  line  at  the 
point  where  the  joint  is  set,  and  to  reduce  considerably  the  amount 
of  electricity  flowing  along  other  parts  of  the  pipe  line. 

2.  To  lower  the  average  potential  of  the  pipe  line  on  the  negative 
or  power  station  side  of  the  joint. 

3.  To  raise  the  average  potential  of  the  pipe  line  on  the  positive 
side  of  the  joint. 

4.  To  maintain  a  ditterence  of  potential  of  several  volts  between 
the  positive  and  negative  sides  of  the  joint,  and  to  produce  condi- 
tions tending  to  increase  electrolytic  action  at  that  point,  unless  the 
joint  is  carefully  located  in  dry  ground. 

5.  To  cause  a  new  distribution  of  electrical  conditions,  under 
which  the  two  sections  of  the  i)ipe  line  become  similar  to  the  origi- 
nal line,  with  one  portion  of  each  positive  and  the  other  negative  to 
the  car  tracks,  so  that  the  number  of  positive  areas  is  increased  by 
one  for  each  joint. 

Both  in  August  and  November,  1903,  the  attention  of  the  officials 
of  the  Boston  &  Northern  Street  Railway  Company  was  called  to 
the  serious  injury  which  had  then  been  done  to  our  pipes,  both  in 
Chelsea  and  Lynn,  by  the  currents  of  electricity  returning  to  its 
power  stations.  Excavations  made  in  November  in  Lynn  showed 
that  there  were  pittings  in  the  12-inch  pipe  in  Washington  Street 
.45  of  an  inch  in  depth,  leaving  only  .25  of  an  inch  of  the  original 
thickness  of  iron.  As  it  was  not  deemed  prudent  to  continue  to 
risk  the  failure  of  this  pipe  line,  it  was  relaid  during  the  past  year 
for  a  length  of  593  feet.  All  of  this  pipe  was  laid  in  1898,  and 
when  removed  it  was  badly  decomposed,  and  in  several  places  very 
little  of  the  original  metal  of  the  pipe  remained.     The  officials  of  the 
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railway  company  were  notified  that  the  pipes  were  to  l>e  relaid  be- 
fore the  work  was  commenced,  and  were  asked  if  they  desired  to 
adopt  any  preventive  measures,  but  they  did  not  do  so  ;  and  on  De- 
cember 5,  after  the  pipe  was  relaid,  measurements  showed  that 
there  were  20  amperes  of  electric  current  leaving  the  relaid  section. 
It  is  probable  that,  if  nothing  is  done  to  alter  the  conditions,  it  will 
be  necessary  to  again  relay  these  pipes  not  later  than  1910. 

The  regular  annual  survey  to  determine  the  relative  electrical  po- 
tential of  the  Metropolitan  pipe  lines  and  the  street  railway  tracks, 
and  the  amount  of  electricity  fiow^ing  on  the  pipes  at  the  several 
gaging  stations,  was  made  in  April.  In  making  these  surveys  volt- 
meter readings  were  made  at  each  station  every  twelve  seconds,  for 
a  period  of  five  minutes.  The  figures  are  obtained  from  readings 
taken  between  9  a.m.  and  4  p.m.  during  the  months  of  March  and 
April,  and  do  not  represent  the  extreme  results  which  would  be 
obtained  during  the  hours  of  noiaximum  travel.  The  average  of 
these  readings,  compared  with  similar  readingts  made  in  1903,  are 
given  in  the  following  table.  They  show  that  the  electrical  press- 
ures have  been  generally  reduced  during  the  past  year  over  the 
entire  distribution  system. 


Summary  of  Relative  Potentials  of  Metropolitan  Water  Works  Pipes  and 
the  Electric  Car  Tracks  in  the  Metropolitan  District  for  the  Tears  1903 
and  1904. 
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At  a  few  points,  however,  the  conditions  are  worse  than  in  1!H)3. 
At  the  corner  of  Reservoir  Lane  and  Boylston  Street  in  Brookline 
the  voltage  between  the  pipe  and  the  rails  has  increased  from  2^  to 

5  volts,  possibly  due  to  increased  traffic  on  the  Boston  &  Worcester 
line.  On  Adams  Street  iu  Milton,  near  the  East  Milton  station,  the 
average  voltage  has  increased  from  18  volts  in  190.^  to  22  volts  in 
190-1,  and  the  maximum  from  35  to  60  volts.  This  is  due  to  poor 
track  construction,  and  lack  of  return  feeders  on  the  Old  Colony 
Street  Railway  Company's  tracks.     Early  in  the  year  the  Boatoo 

6  Northern  Street  Railway  Company  was  aotitied  that  there  was  a 
large  difference  of  potential  between  our  pipes  and  their  tracks  on 

.  Main  Street  in  Stonehani,  and  that  a  large  quantity  of  electricity 
w£is  flowing  along  our  pipe.     During  the  jiast  year  the  railway 
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company  has  relaid  the  tracks  between  Melrose  Highlands  and 
Stoneham  Square,  and  provided  better  returns  for  the  current,  so 
that  the  conditions  have  been  greatly  improved ;  but  even  now  there 
is  considerable  current  flowing  along  our  pipe  in  Main  Street. 

In  January  the  attention  of  the  Old  Colony  Street  Railway  Com- 
pany was  called  to  the  fact  that  a  current  of  from  15  to  45  amperes 
had  been  measured  flowing  on  our  12-inch  pipe  in  West  Street  in 
Hyde  Park,  with  differences  of  from  5  to  18  volts  between  the  pipe 
and  the  rails.  In  June  our  pipe  was  uncovered  at  several  points 
for  examination,  and  pits  about  -^^  of  an  inch  in  depth  were  found 
on  several  pipes.  A  service  pipe  of  the  Hyde  Park  Water  Company 
was  found  to  be  resting  upon  the  12-inch  pipe,  making  an  electric 
contact  by  means  of  which  about  10  amperes  of  electricity  passed 
from  the  Metropolitan  main  to  the  pipes  of  the  Hyde  Park  Water 
Company.  By  raising  the  service  pipe  and  breaking  the  electric 
connection,  the  flow  of  electricity  along  our  pipes  was  reduced  about 

one-half. 

Clinton  Sewerage. 

The  Clinton  sewage  disposal  works  were  in  daily  operation  dur- 
ing the  whole  year.  The  amount  of  sewage  pumped  and  filtered 
was  about  43,000  gallons  per  day  less  than  during  the  preceding 
year,  notwithstanding  the  considerable  number  of  additional  house 
connections  which  have  been  made  with  the  system.  The  decrease 
is  due  in  part  to  the  smaller  quantity  of  water  leaking  into  a  very 
leaky  section  of  the  town  sewer,  located  close  to  the  river,  between 
the  Lancaster  Mills  and  Germantown,  and  to  the  large  increase  in 
the  number  of  water  meters  in  Clinton,  by  which  the  waste  of  water 
is  checked. 

Following  are  statistics  relating  to  the  operation  of  the  pumping 
station  :  — 

Daily  average  quantity  of  sewage  pump^  (gallons),  ....  740,000 

Daily  average  quantity  of  coal  consumed  (pounds),     ....  1,295 

Gallons  pumped  per  pound  of  coal, 570 

Number  of  days  pumping, 366 

Cost  of  pumping :  — 

Labor, |]  ,389  33 

Fuel, 1,092  18 

Repairs  and  supplies, 756  91 

Total  for  station, f  3,238  42 

Cost  per  million  gallons  pumped, fll  99 

Cost  per  million  gallons  raised  1  foot  high, 26 
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The  increase  in  the  cost  of  labor,  as  compared  with  the  cost  the 

preceding  year,  is  due  mainly  to  the  employment  of  an  additional 

engineer  to  operate  the  pump  nights  during  the  spring  when  the 

quantity  of  sewage  was  large.     The  increase  in  the  cost  of  repairs 

and  supplies  is  due  mainly  to  the  purchase  of  new  plungers  for  the 

pump  and  the  repair  of  the  old  plungers  for  future  use,  these  items 

costing  $520. 

Filtei'-beds. 

During  the  year  8  settling  basins  and  about  .83  of  an  acre  of  small 
filter-beds  on  which  to  filter  the  water  from  the  underdrains  of  the 
settling  basins  were  added,  as  ahready  described  in  the  portion  of 
the  report  relating  to  Construction. 

In  the  latter  part  of  the  year  from  2  to  3  inches  of  the  dirty  sand 
or  gravel  were  removed  from  the  surfaces  of  the  19  beds  from  which 
all  soil  had  been  removed  when  they  were  built.  The  total  quantity 
of  material  removed  was  5,444  cubic  yards,  which  was  hauled  an 
average  distance  of  540  feet  to  dispose  of  it.  The  total  cost  of  re- 
moving the  material  and  disposing  of  it  was  $1,858.19,  or  34  cents 
per  cubic  yard.     This  work  was  done  by  a  day-labor  force. 

The  settling  basins  have  been  in  operation  continuously  since  No- 
vember 14.  The  sewage  is  allowed  to  run  through  a  basin  for  a 
time,  when  it  is  shut  ofi  and  turned  through  another.  After  a  week's 
use,  sludge  about  6  inches  deep  accumulates  on  the  bottom  of  the 
basin  near  the  inlet,  but  near  the  outlet  there  is  very  little.  These 
basins  have  been  used  for  too  short  a  time  to  warrant  any  statement 
as  to  the  best  method  of  using  them  or  as  to  their  efiect. 

During  the  warmer  part  of  the  year  sewage  was  applied  in  about 
the  same  quantity  per  bed  to  the  19  beds  from  which  all  soil  had 
been  removed  and  to  the  6  beds  from  which  soil  had  not  been  re- 
moved ;  but  the  latter  beds  were  not  used  during  the  colder  part  of 
the  year. 

In  March,  April  and  May  the  sewage  was  pumped  nights  as  well 
as  days,  and  for  nearly  a  week  the  pump  was  operated  continuously. 

During  the  warmer  portion  of  the  year,  from  April  8  to  Novem- 
ber 27,  the  sewage  was  applied  to  the  beds  at  a  rate  which  averaged 
about  32,000  gallons  per  acre  per  day.  For  the  first  half  hour  after 
beginning  pumping  in  the  morning,  when  the  sewage  contains  more 
sludge  than  at  other  times,  it  was  turned  on  .one  of  two  selected 
beds.     These  2  beds  were  used  alternately  for  periods  of  about  3 
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weeks,  one  being  in  use  while  the  other  was  drying  and  being 
cleaned.  The  remaining  23  beds  were  used  in  rotation,  and  all  the 
sewage  was  run  upon  a  single  bed,  having  an  area  of  a  little  less 
than  1  acre,  for  about  IJ  hours,  the  amount  per  application  being 
al>out  181,000  gallons,  each  bed  being  used  about  once  in  6  days. 

During  the  colder  portion  of  the  year,  when  the  temperature  was 
below  15^  above  zero,  all  the  sewage  of  one  day's  pumping  was 
turned  upon  one  of  5  improved  beds,  which  had  been  prepared  with 
furrows  3  feet  6  inches  apart.  The  average  amount  per  application 
was  580,000  gallons,  and  each  furrowed  bed  was  used  ^bout  once  in 
10  days.  When  the  temperature  was  higher  than  15°  above  zero, 
the  sewage  was  applied  to  the  beds  which  had  not  been  furrowed,  at 
the  rate  of  290,000  gallons  per  application,  and  each  acre  was  used 
about  once  in  10  days. 

The  degree  of  purification  was  about  the  same  as  in  the  preceding 
yicar.  Taking  the  year  as  a  whole,  the  amount  of  nitrification  has 
>)een  about  the  same  as  in  the  preceding  year,  bat  much  lower  than 
in  the  years  1900  to  1902.  It  was  much  higher  in  the  last  half  of 
the  year  than  in  the  first.  The  results  of  chemical  analyses  of  the 
sewage  and  effluent  are  given  in  the  following  table  :  — 

[ParU  per  100,000.] 


1900. 

1001. 

1000. 

lOOS. 

January  t6 

June,  1904, 

Inelnslve. 

July  to 
December, 

1904, 
Inclusive. 

Whole 
Tear, 
1904. 

Albamlooid  ammoDla,  sewage,   . 
AlbamlDofd  ammonia,  efflneot,  . 
Per  cent,  removed, 
Oxygen  conaumed,  sewage. 
Oxygen  eonsnmed,  effluent, 
Per  eent.  removed. 
Free  ammonia,  aewage, 
Free  ammonia,  effluent, 
Per  eent.  removed, 
Nitrogen  aa  nitrates,  effluent. 

1.880 
.080 
94 
14.84 

1.00 
98 

8.9500 

1.0031 
78 
.7800 

1.0025 

.0741 
91 
10.73 

.82 
91 
8.4688 

.6792 
88 

.9298 

1.0617 
.0891 
89 
8.86 
1.15 
84 

4.8284 
.6802 
84 
.9816 

.9233 
.0782 
92 
8.66 
1.12 
87 

8.8292 
1.0185 
78 
.4168 

.7467 
.0752 
90 
6.72 
1.07 
84 

8.26 
1.08 
67 
.2129 

.8467 

.0620 
93 
10.42 

.91 
91 
4.67 

.89 
81 

.5963 

.7967 

.0686 
91 
8.67 

.99 
88 
3.97 

.99 
76 

.4046 

The  cost  of  maintaining  the  filter-beds,  exclusive  of  the  cost  of 
removing  the  dirty  sand  or  gravel  from  the  19  beds,  has  been  as 
follows :  — 


Labor, f2.198  16 

Repairs  and  supplies, 42  15 

Total, 12,240  81 

Cost  per  million  gallons  filtered, 8  29 
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Appended  to  this  report  are  tables  of  contracts  giving  the  amount 
of  work  done  and  other  information,  a  statement  of  the  cement  tests, 
a  long  series  of  tables  relating  to  the  maintenance  of  the  Metropol- 
itan Water  Works,  tables  showing  the  length  of  main  pipes  and 
number  of  service  pipes,  meters  and  fire  hydrants  in  the  Metropolitan 
Water  District,  and  a  summary  of  statistics  for  1904. 

RespectAilly  submitted, 


Boston,  Janaarj  1, 1905. 


FREDERIC   P.    STEARNS, 

Chief  Engineer, 
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EEPORT  OF  ENGINEER  OF  SEWERAGE  WORKS. 


To  the  Metropolitan  Water  and  Sewerage  Board. 

Gentlemen  :  — The  following  is  a  report  of  the  operations  of  the 
Engineering  Department  of  the  Metropolitan  Sewerage  Works  for 
the  year  ending  December  31,  1904. 


Organization. 

The  engineering  organization  during  the  year  has  been  as  fol- 
lows :  — 

^iiision  Engineers ;  — 

Frederick  D.  Smith,    .    In  charge  of  maintenance,  South   Metropolitan 

System,  and  construction  of  High-level  Sewer 
\    in  Quincy. 

In  charge  of  construction  of  High-level  Sewer  in 
Roxbury,  and  of  maintenance  and  construction, 
North  Metropolitan  System. 


Frank  I.  Capen,    . 


1  HANK  A.  Emery,  .        .    In  charge  of  office,  drafting  room  and  records. 

In  addition  to  the  above,  there  were  employed  at  the  end  of  the 
year  8  engineering  and  other  assistants. 
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mf:tropolitan  sewerage  districts. 

Areas  and  Populations. 

During  the  year  no  changes  have  been  made  in  the  extent  of  the 
sewerage  districts.  The  area  of  the  North  Metropolitan  District  re- 
mains at  91  square  miles,  and  of  the  South  Metropolitan  District  at 
102  square  miles,  — a  total,  inclusive  of  water  surfaces,  of  193  square 
miles.  These  districts  include  the  whole  or  parts  of  25  cities  and 
towns,  as  set  forth  in  the  following  table :  — 

Table  allowing  Areas  and  Estimated  PopukUians  within  the  Metropolitan 

Sewerage  District^  as  of  December  31  j  1904. 


City  or  Town. 


Area  (Sqaare 
Miles). 


Eetlmated  Popa< 
Ution. 


a 

S3 

2" 

*5 


O 

Sz; 


'  Arllngion,    . 
Belmont, 

Boeton  (portions  of), 
Cambridge,  . 
Cbelaea, 
BTerett, 
Lexington,* . 
Maiden, 
-|l|<{Medford, 
Melroee, 
Revere, 
SomerTllle,  . 
Stonebani,    . 
Wakefield,    . 
Winobeeter, 
Wlntbrop,    . 
Wobom, 


e 


o  o 

?5 


s 
o 

00 


''Boston  (portions  of), 

Brookllne,    • 

Dedbam,* 

Hyde  Park,  . 

Milton,  . 

Newton, 

Qolnoy, 

Waltbam,     . 
.WatertowD, . 


Totols, 


5.30 
4.66 
3.4A 
6.11 
2.24 
3.84 
6.11 
5.07 
8.86 
8.73 
5.86 
3.06 
5.50 
7.65 
5.05 
1.61 
12.71 


00.50 


20.02 

6.81 

0.40 

4.57 

12.50 

18.08 

12.56 

18.68 

4.04 


102.55 
108.05 


10,400 

5,900 

01,400 

102,200 

88,400 

30,100 

2,800 

42,000 

22,700 

14,700 

18,000 

71,700 

6,500 

10,500 

8,000 

8,000 

15,400 


494,500 


156,800 
25,100 

7,400 
14,700 

7,000 
80,000 
28,400 
27,600 
11,500 


818,800 
812,800 


*  Part  of  town. 
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METROPOLITAN   SEWERS. 

Sewers  Purchased  and   Constructed   and  their  Connections. 

Within  the  Sewerage  Districts  there  are  now  95.55  miles  of  Met- 
ropolitan sewers.  Of  this  total,  8.79  miles  of  sewers,  with  the 
Quincy  pumping  station,  have  been  purchased  from  cities  and  towns 
of  the  districts,  the  remaining  87  miles  of  Metropolitan  sewers  hav- 
ing been  constructed  by  the  Metropolitan  boards. 

The  position,  lengths  and  sizes  of  these  sewers  are  given  in  the 
following  tables,  together  with  other  data  referring  to  the  public 
and  special  connections  with  the  system  :  — 

North  Metropolitan  System. 


City  or  Town, 


Boston :  — 
Deer  Island,    . 
Eaet  Boston,   . 

CharlestowD,  . 

Wlnthrop,  . 


Chelsea, 

Everett, 

Maiden, 

Melrose, 
Cambridge, 

Somerrille, 

Medford,     . 

Winchester, 

Btoneham,  . 
Wobani,  . 
Arlington,  . 
Belmont,!  . 
Wakefield,! 
BeTere, 


Slse  of  Sewers. 


6' 3"  to  9,     . 
9'  to  r, 

«•  TEXT'S"  tor, . 
»• 


8'  4"X9'  2"  to  1'  10"X2'  4", . 
8'2"X«'10"to4'8"X5'r,. 

l'10"Xi'9'tolO",      . 
6'  2"X6'  9"  to  1'  8",      . 

«•  6'*X7'  2"  to  1'  10"X2'  3", . 

4'8"X6'l"tolO", 

2'irx8'8"tor3",    . 

1'  8"  to  10" 


r  io"x2' 4*  to  r  3",  . 

1'  «*•  to  10",  . 


4'  to  8*, 


•J 


5  9^  ' 
qP  «  I 
o  am 

PSA    I 

0U 


Special  Coknictions. 


1.867  ' 
6.467  I 


8.292 
2.864 


5.128  ; 

I 

I 
2.935 

8.981* 

6.099t 
7.167 

8.471 

5.859 
6.428 


.010 
.988  I 
8.590: 


.048 


58.00411 


4 

18 

18 

7 

r 


25j 
31 

») 
r 

10^ 


20 


"I 

4 

8 
88 
8 
1 
1 


220 


Character  or  Location  of 
Connection. 


Nnmber 

in 
Opera- 
tion. 


N'avy  Yard, . 

Almshoose, . 

Clnb  hoase, . 

Bakery, 

Rendering  works, 

MetropoliUn  Water  Works 

blow-off, 
Metropoliton  Water  Works 

blow-off, 
MetropoliUn  Water  Works 

blow-off,  . 
Private  honses,   . 
PrtTate  houses,    . 
Blanghter-house, 
City  Hospital,      . 
Tannery, 

Slaoghter-hoQses  (8), 
Car-honse,    . 
Stobie, . 

Armory  boildlng, 
Prlyate  houses,    . 
Stable,  . 
Tannery, 
Private  houses,   . 
Oelatlne  faetoiy, 

Oloe  factory. 
Private  hou 


8 
1 


1 
106 
100 


1 
1 
1 
1 
1 
5 
1 
2 
2 
1 

1 
92 


*  Includes  .988  of  a  mile  of  sewer  purchased  from  the  city  of  Maiden, 
t  Ineludes  .786  of  a  mile  of  sewer  purchased  from  the  town  of  Melrose. 
X  Ineludes  S.681  miles  of  sewer  purchased  from  the  town  of  Arlington. 

I  The  Metropolitan  sewer  extends  but  a  few  feet  into  the  towns  of  Belmont  and  Wakefield. 

II  Ineludes  2.787  miles  of  Mystic  River  valley  sewer  In  Medford,  Winchester  and  Wobum,  numlng 
parallel  with  the  Metropolitan  sewer. 
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/South  MetropoHtan  System. 


■ 

• 

1   I 

BpBOIAL  COMMBCTIONfl 

1. 

City  or  Town. 

Size  of  Sewers. 

mm 

•2^ 

Character  or  Location  of 

Number 
in 

a 

2 

Connection. 

Opera, 
tion. 

r 

Private  house, 

1 

Boston  (Back  Bay) 

,     6'«"to6'6", 

1.600* 

«i: 

Administration  b  n  1 1  d  i  n  ff , 
Boston  Park  Department, . 

1 

I 

Simmons  College  buildings, . 

1 

BoaloD  (Brighton) 

,    S'fi'toir.  .       . 

8.7l4t 

11      ! 

Abattoir 

S 

Boston      (Dorcbes 

.     3'X4'  to  2'  6"X2'  r,     . 

2.870t 

6    . 

' 

8 

ter). 

Boston  (Sozbnry) 

,     6«"xr,4'0",      .        . 

1.480 

-    ' 

Boston  (West  Rox 
bnry). 

.     9'8"XlO'2"tol2",      . 

7.011 

6 

Parental  school,     . 
Lutheran  Evangelloal  Church, 

1 

1 

Brookllne, 

■     6  6  ,      •        • 

0.127 

2 

^                           _ 

Dedham, . 

»                 i 

.     4'X4'l"to8'9"x8'10". 

2.850 

4 

1          •                           • 

^ 

Hull, 

.     60"  pipe,       . 

0.760 

1 

_                            _ 

^ 

Hyde  Park, 

.     10'rxU'7''to4'X4'i", 

4.627 

18 

Private  buildings,  . 

2 

Milton,     . 

.     ll'Xl2'to8", 

8.000 

7    , 

.                           . 

_ 

Newton,  • 

4-  2"X4'  9"  to  r  8",      . 

2.011 

6    1 

Private  houses, 

t 

-C^inoy,    . 
Walibam, 

.     11' 8"X  12*0  "to  60- pipe. 

6.007 

8 

.     3'6"X4'.       . 

0.001 

1 

_                           _  ' 

„ 

Watertown,    . 

4*  2"X4'  9"  to  12", 

0.760$ 

6 

Factory, 

■ 

S 

87.648 

72 

1 
1 

17 

*  Includes  .866  of  a  mile  of  sewer  purchased  from  the  city  of  Boston. 

t  Includes  .026  of  a  mile  of  sewer  purchased  f«om  the  town  of  Watertown. 

X  Includes  1.24  miles  of  sewer  purchased  from  the  city  of  Boston. 

}  Includes  .026  of  a  mile  of  sewer  purchased  from  the  town  of  Watertown. 

Cost  of  Construction. 

The  cost  of  the  95  miles  of  Metropolitan  sewers  enumerated  above, 
including  seven  stations,  siphons  and  appertaining  structures,  may 
be  summarized  as  follows  :  —  * 

North  Metropolitan  System 16,086,569  91 

Soath  Metropolitan  System, 7,580,262  47 

113,666,832  38 

Construction  and  Additions  during  the  Year. 

The  last  report  indicated  that  93.86  miles  of  Metropolitan  sewers 
had  been  constructed  to  December  31,  1903.  There  has  conse- 
quently been  added,  during  the  year  under  review,  a  length  of  1.69 
miles.  This  includes  0.48  of  a  mile  of  High-level  Sewer,  authorized 
by  chapter  424  of  the  Acts  of  1899  ;  0.939  of  a  mile  of  sewer,  author- 
ized by  chapter  242  of  the  Acts  of  1903,  to  provide  sewerage  facilities 
for  the  town  of  Revere ;  0.248  of  a  mile  of  sewer,  authorized  by  chap- 
ter 336  of  the  Acts  of  1903,  to  provide  an  additional  outlet  for  the 


*  For  detailed  statement  of  cost,  see  report  of  Board,  p.  62. 
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sewagd  of  Belmont ;  and  0.025  of  a  mile  of  sewer  in  Lake  Street, 
Winchester,  — all  referred  to  in  detail  later  in  this  report. 

The  following  table  gives  details  of  areas,  populations,  local  sewer 
mileage  and  other  data  for  the  whole  Metropolitan  Sewerage  Sys- 
tem :  — 

North  Metropolitan  System. 


Area 

(Square 

Estimated 

ToUl 
Population. 

Miles  of 

Local  Sewer 

connected. 

Estimated 

Population 

contributing 

Sewage. 

Ratio  of 

Contributing 

Population 

to  Toul 

Population 

(Percent.). 

CONNBCTIOKB  HADE 

WITH  UkTBO- 

POLITAN  SBWXBS. 

Miles). 

Public. 

Special. 

90.50 

494,600 

668.18 

387,327 

78.3 

226 

880 

South  Metropolitan  System. 


102.66 


318,800 


406.82 


147,761 


46.4 


72 


17 


Entire  Metropolitan  District, 


193.06 


812,800 


964.60 


686,088 


66.8 


298 


847 


Of  the  estimated  gross  population  of  812,800  on  December  31, 
1904,  535,088,  representing  65.8  per  cent.,  were  on  that  date  con- 
tributing sewage  to  the  Metropolitan  sewers,  through  a  total  length 
of  964.5  miles  of  local  sewers  owned  by  the  individual  municipalities. 
These  sewers  are  connected  with  the  Metropolitan  system  by  298 
public  and  347  special  connections.  It  appears,  also,  that  there  has 
been  during  the  year  an  increase  of  30.4  miles  of  local  sewers  con- 
nected with  Metropolitan  systems,  and  that  24  public  and  8  special 
connections  have  been  added. 

Pumping  Stations  and  Pump  age. 

The  following  table  shows  the  average  daily  volume  of  sewage  lifted 
at  each  of  the  six  Metropolitan  pumping  stations  during  the  year,  as 
compared  with  corresponding  volumes  for  the  previous  year :  — 


PuxpiNa  Station. 


AYEBAOX  DaILT  PniCPAOB. 


Jan.  1. 1903 

to 
Dec.  81, 1903. 


Jan.  1, 1904 

to 
Dec.  81,  1904. 


Increase  daring 
the  Year. 


Deer  Island, 

East  Boston 

Cbarlestown, 

Alewlfe  Brook, 

Qnlocy, 

Ward  Street  (from  Oct.  14  to  Dec.  31, 1004), 


Gallons. 
63,HOO,000 
61,600,000 
29,^00,000 
8,831,000 
3,042,000 


Gallons. 
67,200,000 
65,0OU,O0O 
81,100,000 
3,646,000 
8,651,000 
12,700,000 


Gallons. 
3,400.000 
8,400,000 
1,200,000 
285,000* 
609,000 


Per  Cent. 
6.3 
6.6 
4.0 
7.4* 
20.0 


*  Decrease. 
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CONSTRUCTION   ON  THE   NORTH  METROPOLITAN 

SYSTEM. 

With  the  completion  of  the  branch  sewer  to  the  town  of  Revere 
and  extension  of  the  Cambridge  branch  to  Bebnont,  begun  in  1903, 
all  Metropolitan  sewers  on  this  system  authorized  to  date  have  been 
constructed.  The  Revere  extension  was  opened  for  service  on 
October  8,  and  the  Belmont  extension  on  Julv  20,  1904. 

Details  of  the  construction  are  given  in  the  following  report. 

Extension'  to  Revere. 

Section  61,  Chelsea  {ConsUmction  in  Part  by  Day  Labor ,  in  Part 

hy  Contract), 

Division  Engineer  in  Charge.  —  Frank  I.  Capen. 

Superintendent  of  Construction  by  Day  Labor.  —  Henry  J.  Wright. 

Contractor  for  Tunnel  Work.  —  Charles  A.  Haskin,  Boston,  Mass. 

This  section  comprises  2,530  linear  feet  of  54-inch  brick  sewer 
and  999  linear  feet  of  48-inch  brick  sewer  built  in  open  cut,  and  608 
linear  feet  of  54-inch  brick  sewer  built  in  tunnel. 

It  joins  Section  10  of  the  North  Metropolitan  trunk  sewer  near 
the  junction  of  Eastern  Avenue  and  Marginal  Street,  Chelsea,  and 
extends  northerly  along  Eastern  Avenue  and  across  the  land  of  the 
Boston  &  Maine  Railroad  to  Crescent  Avenue,  crossing  under  the 
tracks  of  the  Grand  Junction  branch  of  .the  Boston  &  Albany  Rail- 
road, the  tidal  inlet  known  as  Bass  Creek,  the  Willoughby  Street 
main  sewer  of  the  city  of  Chelsea,  and  the  tracks  of  the  Eastern 
Division  of  the  Boston  &  Maine  Railroad. 

At  the  beginning  of  the  year  construction  by  day  work  was 
already  in  progress,  as  described  in  the  last  report,  and  about  345 
linear  feet  of  48-inch  sewer  northerly  from  the  Eastern  Diyision  of 
the  Boston  &  Maine  Railroad  and  600  linear  feet  of  54-inch  sewer 
southerly  from  Bass  Creek  had  been  built.  This  construction  was 
continued  at  an  average  rate  of  60  linear  feet  a  week  until  the 
remaining  2,584  feet  of  open  cut  was  completed  on  October  12, 
1904.  This  included  portions  between  the  Eastern  Division  of  the 
Boston  &  Maine  Railroad  and  Bass  Creek,  and  a  length  from  600  feet 
south  of  Bass  Creek  to  within  608  feet  of  the  end  of  the  section  at 
Marginal  Street. 
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As  the  construction  in  open  cut  approached  Marginal  Street, 
quicksand  was  encountered  in  the  excavation.  During  the  construc- 
tion of  sections  10  and  12  of  the  North  Metropolitan  trunk  sewer  in 
Marginal  Street  in  1892-94,  difficulties  with  boiling  quicksand 
occasioned  serious  delay  and  expense  in  the  excavation.  To  avoid 
similar  delay  and  expense  on  this  work,  a  contract  was  arranged  on 
May  3,  1904,  with  an  expert  in  compressed  air  construction,  and 
the  work  for  a  length  of  608  feet  north  from  Marginal  Street  was 
carried  out  by  the  pneumatic  process  in  tunnel,  under  an  air  pres- 
sure of  10  pounds  per  square  inch  in  excess  of  that  of  the  atmos- 
phere. 

The  tunnel  heading  was  in  fine  silt,  making  it  necessary  to  sup- 
port the  masonry  on  piling.  Piles,  in  bents  of  three,  about  four 
feet  on  centres,  were  driven  in  advance  of  the  tunnel  heading,  which 
was  excavated  over  the  top  of  the  piling,  and  the  pile  caps,  platform 
and  masonry  placed  in  position  under  compressed  air.  The  masonry 
cross-section  built  was  similar  to  that  used  in  the  open  cut  construc- 
tion. The  work  was  begun  on  May  26,  and  an  average  rate  of 
progress  of  65  feet  a  week  was  maintained  until  its  completion  on 
August  11,  1904. 

Section  62,  Chelsea  ( Construction  in  Part  by  Day  Labor,  in  Part 

by  Contract). 

Division  Engineer  in  Charge.  — Frank  I.  Gapen. 

Superintendent  of  Construction  by  Day  Labor,  —  Henry  J.  Wright. 

Contractor  for  Tunnel  Work,  —  Charles  A.  Haskin,  Boston,  Mass. 

This  section  comprises  2,788  linear  feet  of  48-inch  brick  sewer, 
1,320  feet  in  tunnel  and  1,468  feet  in  open  cut,  beginning  on  Ores- 
cent Avenue,  at  Eastern  Avenue,  and  running  northeasterly  across 
marsh  land  on  the  line  of  Crescent  Avenue  extended  and  through 
Crescent  Avenue  and  its  extension  to  near  the  tidal  inlet,  known  as 
Mill  Creek,  separating  Chelsea  and  Revere. 

The  construction  was  fully  described  in  the  last  report.  At  the 
beginning  of  the  year  about  540  linear  feet  in  tunnel  and  about  639 
linear  feet  in  open  cut  had  been  completed.  The  work  was  con- 
tinued at  an  average  rate  of  progress  of  60  feet  a  week  in  open  cut 
and  70  feet  in  tunnel  until  its  completion  on  April  1,  1904. 
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Mill  Creek  Crossincf^  Chelsea  and  Revere  ( Oonstruction  by  Day 

Labor). 

Division  Engineer  in  Charge. — Frank  I.  Gapen. 

Sttperintendent  of  Construction  by  Day  Labor,  —  Henry  J.  Wright. 

This  work  was  fully  described  in  the  last  report.  It  covers  a  total 
length  of  387  linear  feet.  The  work  of  construction  was  continued 
by  the  methods  outlined  in  the  report  until  its  completion  early  in 
June.  All  piles  driven  for  supporting  the  coffer-dam  were  either 
cut  oil  or  pulled,  leaving  the  waterway  of  Mill  Creek  unobstructed. 

Extension  to  Belmont. 
Section  63^  Cambridge. 

Division  Engineer  in  Charge^  —  Frank  I.  Capen. 
Contractor.  —  Gow  &  Palmer,  Boston,  Mass. 

This  section  begins  on  Mt.  Auburn  Street  at  Lowell  Street,  at 
the  end  of  Section  30  of  the  Cambridge  branch  of  the  Metropolitan 
sewer,  constructed  in  1898,  and  extends  westerly  along  Mt.  Auburn 
Street  to  Aberdeen  Avenue  ;  thence  in  Aberdeen  Avenue  and  private 
land,  across  Homer  Avenue,  through  private  land,  and  across  the 
Watertown  branch  of  the  Boston  &  Maine  Railroad  to  Holworthy 
Place ;  through  Holworthy  Place,  Holworthy  Street  and  private 
land,  across  Gushing  Street  and  through  Gushing  Avenue  to  the 
Behnont  town  line. 

The  construction  of  this  section  was  fully  described  in  the  last 
report.  It  comprises  4,780  linear  feet  of  24-inch  by  28-inch  and 
1,031  linear  feet  of  22-inch  by  28-inch  brick  sewer  in  open  cut,  and 
about  547  linear  feet  of  25-inch  diameter  brick  sewer  in  tunnel.  At 
the  beginning  of  the  year  about  5,100  linear  feet  had  })een  com- 
pleted. 

The  opening  on  Mt.  Auburn  Street  at  Lowell  Street,  started  on 
September  17,  1903,  was  continued  until  the  masonry  was  com- 
pleted on  March  16,  1904,  and  the  trench  partially  backfilled  ;  but 
the  remainder  of  the  backfilling  was  postponed  until  late  in  March, 
when  the  frost  had  left  the  ground. 

The  tunnel  headings,  started  in  December,  1903,  were  continued 
until  they  were  completed  on  March  5,  1904. 
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CONSTRUCTION   ON   THE   SOUTH   METROPOLITAN 

SYSTEM. 

During  the  year  the  High-level  Sewer,  authorized  by  chapter  424 
of  the  Acts  of  1899  and  fully  described  in  earlier  reports,  has  been 
practically  completed  and  put  into  operation. 

At  the  date  of  the  last  report  some  of  the  outfall  pipes  on  Section 
48  remained  to  be  placed  in  the  harbor.  On  Nut  Island,  Section 
44,  the  screen-house  and  machinery  were  to  be  erected,  and  some 
filling  and  grading  on  the  island  and  the  near-by  embankments  of 
Section  48  remained  to  be  finished.  The  connecting  chamber  at 
the  end  of  the  force-main  lines.  Section  76,  at  Parker  Hill  in  Rox- 
bury,  remained  to  be  completed,  and  the  Ward  Street  pumping  en- 
gines and  other  machinery  to  be  erected. 

The  greater  part  of  this  work  was  completed  early  in  the  fall,  and 
the  pumps  at  the  Ward  Street  pumping  station  were  started  on  Oc- 
tober  14,  since  which  date  the  sewage  from  that  portion  of  the 
Charles  River  valley  above  Vancouver  Street,  in  the  Back  Bay  dis- 

« 

trict  of  Boston,  has  been  pumped  to  the  High-level  Sewer. 

This  Metropolitan  district  above  Vancouver  Street  includes  moj^t 
of  Brookline,  Newton  and  the  Roxbury  district  of  Boston,  and  the 
whole  of  Brighton,  AValtham  and  Watertown.  A  connection  for 
territory  below  Vancouver  Street  leading  easterly  along  Huntington 
Avenue  toward  Gainsborough  Street,  to  provide  for  the  sewage  of  a 
portion  of  the  Back  Bay  and  Roxbury  districts  of  the  city  of  Bos- 
ton, remains  to  be  completed.  The  details  of  this  connection  are 
under  discussion  with  the  Charles  River  Basin  Commission  and  the 
Sewer  Department  of  the  city  of  Boston.  Until  this  branch  is  built, 
the  sewage  of  this  small  district  below  Vancouver  Street  will  con- 
tinue to  be  pumped  by  the  Boston  Main  Drainage  Works. 

On  November  22,  1904,  the  Neponset  River  valley  Metropolitan 
main  sewer  was  connected  with  the  High-level  Sewer  at  the  junction 
of  East  River  and  Monponsett  streets,  in  Hyde  Park;  and  since  that 
date  the  sewage  from  Metropolitan  territory  above  this  point,  in- 
cluding the  whole  of  Hyde  Park,  Dedham,  the  West  Roxbury  dis- 
trict of  Boston  and  part  of  the  town  of  firookline,  has  been  disposed 
of  through  the  High-level  Sewer, 
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The  trunk  sewer  through  Quincy  and  Milton  was  opened  for  ser- 
vice on  October  14,  1904. 

Sewage  from  the  Neponset  valley  Metropolitan  area  below  Hyde 
Park,  including  small  portions  of  Dorchester  and  Milton,  will  con- 
tinue to  be  discharged  through  the  Boston  Main  Drainage  Works. 
Sewage  from  the  Quincy  pumping  station,  at  present  pumped  to 
the  Moon  Island  outlet  at  Squantum,  will  be  delivered  to  the  High 
level  Sewer  through  24-inch  force-main  pipes  to  be  laid  during  the 
coming  spring. 

A  detailed  description  of  the  work  of  the  year  follows. 

Section  43^  Quincy  and  IIulL 

DivUion  Engineer  in  Chargp,  —  Frederick  D.  Smith. 

Contractor.  —  Hiram  W.  Phillips,  Quincy,  Mass.     (Two  contracts.) 

The  section  comprises  two  lin^s  of  (JO-inch  cast-iron  outfall  pipes, 
placed  below  the  bed  of  Boston  harbor,  extending  northerly  from 
Nut  Island  to  west  of  Peddocks  Island.  The  two  lines  have  an 
aggregate  length  of  10,844  feet. 

At  the  beginning  of  the  year  4,569  feet  remained  to  be  placed  on 
the  easterly  line,  and  considerable  backfilling  on  both  lines.  The 
contractor  commenced  operations  for  the  season  about  May  1,  and 
the  contract  work  was  completed  on  November  2,  1904.  The 
method  of  placing  the  pipes  has  been  fully  described  in  earlier 
reports. 

During  the  year  the  pipe  was  placed  at  an  average  rate  of  1,100 
feet  a  month.  The  maximum  rate  of  48  feet  a  day  was  maintained 
for  nearly  the  entire  season.  While  the  backfilling  of  the  easterly 
line  was  in  progress,  one  48-foot  length  of  pipe  was  crowded  oflf  the 
pile  platform,  and  had  to  be  replaced  by  the  contractor. 

Both  lines  of  pipe  were  subjected  to  contract  tests  for  tightness 
after  completion,  and  were  found  to. satisfy  contract  requirements. 

Section  44 j  Quinct/. 

Division  Engineer  in  Charge.  —  Frederick  D.  Smith. 

Contractor  for  sewer,  sand-catcher,  and  screen-chamber  and  building  foundations.  —  "W.  H. 
EUis,  Boston,  Mass. 

Contractor  for  screen-house  superstructure  and  chimney.  —  Woodbury  &  Leighton  Com- 
pany, BostOD,  Mass. 

Early  in  the  year  the  screen-chamber,  sand-catcher  and  building 
foundations  were  completed.  About  May  1  work  on  the  screen- 
house  chimney  was  begun.     The  house  was  designed  by  Sheplcy, 
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Butan  &  Coolidge,  architects,  and  is  78  feet  long  by  60  feet  wide 
and  about  40  feet  in  height.  It  is  built  of  dark  red  brick,  with 
rustications  of  gray  headers,  with  Quincy  granite  trimmings.  It 
provides  a  room  about  47  by  48  feet  for  screens  and  valves ;  a  boiler 
room  25  by  30  feet;  and  a  coal  storage  room  25  feet  square,  provid- 
ing storage  for  about  200  tons  of  coal.  In  addition,  the  building 
contains  a  large  vestibule,  office  and  toilet  room.  The  chimney, 
about  100  feet  high,  is  placed  at  the  easterly  end  of  the  building. 
The  building  was  completed  on  October  15,  1904. 

In  the  boiler  room  are  two  80  horse-power,  vertical,  internally 
fired,  tubular  boilers  of  the  Dean  type,  with  shells  80|  inches  in 
diameter,  each  boiler  having  208  tubes,  2  inches  in  diameter  and  10 
feet  long.  These  boilers  were  built  by  Edward  Kendall  &  Sons, 
Cambridge,  and  furnish  steam  for  heating  the  building  and  operating 
the  screens  in  the  screen  room. 

There  are  four  screens,  two  in  each  duplicate  channel  of  the  screen 
room.  They  are  about  12  feet  square,  with  clear  openings  between 
bars  of  |  inch,  so  that  they  will  intercept  practically  all  the  floating 
matter  in  the  sewage  that  might  be  found  objectionable  in  the  har- 
bor. They  are  raised  and  lowered  by  small  reversing  engines  of  the 
Fitchburg  type.  The  screens  and  connections  were  furnished  and 
erected  by  the  Lockwood  Manufacturing  Company  of  East  Boston. 
Matters  intercepted  on  the  screens  are  pressed  and  afterwards  burned 
under  the  boilers. 

The  house  and  machinery  were  ready  for  operation  early  in  Oc- 
tober. Considerable  gmding  on  Nut  Island  remains  to  be  completed 
during  the  coming  year. 

Sections  45,  46  and  47,  Quincf/. 
These  contmcts  were  completed  prior  to  December  31,  1903. 

Filling  on  Embankment  and  Completing  Mock  Island  Road,  Section 

48 J  Quincy . 

Division  Engineer  in  Charge,  —  Frederick  D.  Smith. 
Contractor,  —  J.  J.  Moebs,  Boston,  Mass. 

For  completing  embankment  filling,  and  loaming  and  grading  the 
slopes,  a  contract  was  arranged  early  in  the  year,  involving  the 
placing  of  6,600  yards  of  sand  filling,  4,400  yards  of  loam  on  em- 
bankment slopes,  and  about  670  yards  of  broken  stone  over  the  line 
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of  Rock  Island  Road,  so  called,  passing  the  embankment.  The 
work  of  filling  and  grading  commenced  about  June  10,  and  was 
completed  about  October  15,  1904, 

Sections  48  to  7fiy  inclusive. 

The  work  through  Quincy,  Milton,  Hyde  Park  and  Roxbury  was 
completed  to  the  end  of  the  force  mains  for  the  Ward  Street  pump- 
ing station  at  Parker  Hill,  Roxbury,  prior  to  the  beginning  of  the 
year,  and  has  been  fully  described  in  earlier  reports,  under  sections 
48  to  75. 

Section  76 ^  Roxhuri/. 

Division  Engiiieer  in  Charge.  —  Frank  I.  Capen. 
Contractor.  —  H.  P.  Nawn,  Boston,  Mass. 

This  section  consists  of  duplicate  lines  of  48-inch  cast-iron  force 
mains  and  appurtenances,  extending  from  near  the  Ward  Street 
pmnping  station  to  the  end  of  the  Section  75  tunnel  near  the 
corner  of  St.  Alphonsus  and  Tremont  streets,  Roxbury.  The 
easterly  line  extends  through  Ward,  Phillips,  Oonant,  Oregon, 
Smith  and  St.  Alphonsus  streets,  and  the  westerly  through  Ward 
and  St.  Alphonsus  streets. 

The  cast-iron  pipe  under  this  contract  was  all  laid  last  year,  as 
described  in  the  third  annual  repoii;.  At  the  beginning  of  the  year 
a  small  amount  of  masonry  remained  to  be  introduced  in  the  valve- 
chamber  at  the  upper  end  of  the  pipe  lines  on  St.  Alphonsus  Street. 
This  was  completed  the  latter  part  of  January.  During  the  year 
controlling  valves  have  been  installed  in  this  chamber,  and  the 
lines  tested  for  leakage.  A  pressure  of  about  60  pounds  per  square 
inch,  as  specified  in  the  coiitmct,  was  applied  to  the  pipes,  which 
were  found  sufficiently  tight. 

Section  77 y  Roxbury. 

Division  Engineer  in  Charge,  —  Frank  I.  Capen. 

Contract  or  for  Pumping  Station  and  Connections,  —  L.  P.  Soule  &  Son,  Boston,  Mass. 

Contractor  for  Pumping  Plant,  —  Allis-Ghalmers  Company,  Milwaukee,  Wis. 

This  section  includes  the  Ward  Street  pumping  station  and  its 
connections  with  force  mains  and  suction  sewer. 

The  pumping  station  buildings  were  described  at  considerable 
length  in  the  last  annual  report.  At  tlie  beginning  of  the  year  the 
station  walls  were  completed  and  the  roof  partially  built.     The 
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engine  house  roof  was  finished  in  January,  and  the  boiler  house 
roof  in  February. 

The  interior  finish,  excepting  the  basement  and  engine  room 
floors  and  the  carpenter  work  at  the  main  entrance  on  Ward  Street, 
was  completed  early  in  May.  This  main  entrance  and  the  basement 
floor  were  finished  in  September,  after  the  heavy  parts  of  the  ma- 
chinery had  been  moved  into  the  building.  Work  is  now  in  prog- 
ress on  the  finished  tile  floor  in  the  engine  room. 

E^rly  in  the  spring  the  work  of  subgrading  the  grounds  and  roads 
about  the  buildings  was  carried  out  by  day  labor,  under  the  direction 
of  the  Engineer. 

From  April  to  September  the  48-inch  controlling  valves  on  the 
force  mains  in  the  station  basement,  the  Venturi  meter  on  the  west- 
erly force  main,  and  a  36-inch  cast-iron  by-pass  pipe,  extending 
from  the  force  mains  around  the  station  to  the  suction  sewer,  were 
placed  by  day  labor,  under  the  direction  of  the  Engineer. 

The  AUis-Chalmers  Company  of  Milwaukee,  who  are  furnishing 
and  erecting  the  pumping  engines  and  steam  plant  at  the  station, 
commenced  erection  early  in  January.  The  plant  consists  of  two 
50-million  gallon,  vertical,  triple-expansion  pumping  engines,  with 
steam  cylinders  of  21,  38  and  58  inches  diameter.  The  pump 
plungers  are  48  inches  in  diameter,  with  60-inch  stroke.  The  max- 
imum contract  lift  is  45  feet.  The  steam  is  furnished  by  four  93- 
inch  diameter,  internally-fired,  vertical  tubular  boilers  of  the  Dean 
type,  each  having  308  tubes,  2  inches  in  diameter  and  15  feet  long. 
It  is  intended  to  use  two  boilers  with  an  engine,  and  duplicate  lines 
of  steam  piping  have  been  arranged  and  installed,  so  that  each  boiler 
can  be  used  with  either  engine. 

For  lighting  the  station,  two  direct-connected  generators,  having 
a  capacity  of  350  16-candle-power  lamps  each,  were  furnished  and 
installed  by  the  American  Engine  Company  of  Bound  Brook,  N.  J. 

In  the  screen  room  are  four  screens,  two  in  each  duplicate  chan- 
nel. They  are  about  10  feet  square,  with  clear  openings  between 
bars  of  |  inch,  so  that  they  will  intercept  practically  all  the  floating 
matters  in  the  sewage  that  would  interfere  with  the  operation  of  the 
pumps.  These  screens  are  raised  and  lowered  by  small  reversing 
engines  of  the  Fitchburg  type.  The  screens  and  connections  were 
furnished  and  erected  by  the  Lockwood  Manufacturing  Company  ot 
East  Boston. 
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Engine  No.  2  was  started  first  on  September  19,  and  engine  No. 
1  on  September  24.  The  formal  engine  tests  specified  in  the  con- 
tract have  not  been  made,  but  satisfactory  arrangements  for  the  use 
of  these  engines  prior  to  their  formal  test  and  acceptance  have  been 
made  by  the  Board  with  the  contractor,  so  that  the  station  was  put 
into  regular  service  for  the  disposal  of  sewage  on  October  14. 

Connection  of  Section  78  {Suction  Sewer)  with  the  Charles  liiver 
Valley  Sewer  at  Ruggles  Street,  Roxbury  ( Construction  by  Day 
Labor), 

Division  Engineer  in  Charge,  —  Frank  I.  Capen. 
Superintendent  of  Day  Labor  Construction.  — "Kenij  J.  Wright. 

During  the  months  of  July  and  August  the  actual  connection 
between  Section  78  of  the  High-level  Sewer  and  Section  A  of  the 
original  Charles  River  valley  main  sewer  was  made  at  the  corner  of 
Vancouver  and  Ruggles  streets.  The  connection  involved  the  intro- 
duction of  a  bellmouth  and  valve-chamber  along  the  line  of  the 
Charles  River  sewer.  The  masonry  section  involved  a  12-inch 
brick  arch  and  an  invert  of  Portland  masonry,  reinforced  with 
Portland  concrete,  the  whole  supported  on  a  platform  and  pile 
foundation. 

The  chamber  introduced  provides  for  turning  the  sewage  flow  in 
the  Charles  River  main  sewer  either  to  the  Boston  Main  Drainas:e 
Works  or  to  the  Metropolitan  High-level  Sewer. 

Temporarily  during  construction  the  flow  in  the  Charles  River 
sewer  was  carried  across  the  line  of  the  work  in  48-inch  cast-iron 
pipes. 

MAINTENANCE. 

Scope  of  Work  and  Force  Employed. 

The  maintenance  of  the  Metropolitan  Sewerage  systems  includes 
the  operation  of  seven  stations  and  95.5  miles  of  Metropolitan  sew- 
ers, receiving  the  discharge  from  964.5  miles  of  town  and  city 
sewers  at  298  points,  together  with  the  care  and  study  of  inverted 
siphons  under  streams  and  in  the  harbor. 

The  permanent  maintenance  force  of  115  men  includes  65  engi- 
neers and  other  employds  at  the  pumping  stations,  and  50  men 
employed  on  actual  sewer  maintenance  and  care  of  pumping  station 
grounds.  In  the  three  following  tables  the  use  of  the  completed 
systems  and  other  data  are  shown  :  — 
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CAPACITY   AND   RESULTS. 

The  following  tables  summarize  the  pumping  records  for  the  year 
for  the  Metropolitan  stations  :  — 


North  Metroi*olitan  System. 
Deer  Island  Pumping  Station, 

At  this  station  are  three  submerged  centrifugal  pumps,  with  im- 
pellers or  wheels  8.25  feet  in  diameter,  driven  by  triple-expansion 
engines  of  the  Reynolds-Corliss  type. 

Contract  capacity  of  pumps:  45,000,(XX)  gallons  each,  with  19-foot  lift. 

Avera^^e  duty  for  the  year:  45,900,000  foot-pounds. 

Average  quantity  raised  each  day:  57,200,000  gallons. 

Force  employed :  3  engineers,  3  firemen,  6  screenmen  and  1  reliefman. 

Coal  used:  first-quality  Cumberland,  costing  from  33.45  to  $3.90  per  ton 

Table  of  Approximate  Quantities^  Lifts  and  Duties  at  the  Deer  Island  Pump- 

ing  Station  of  the  North  Metropolitan  System. 


IfONTHS. 

Total 
Pumpage 
(Oallone). 

Average 
per  Day 

(Gallons). 

Mintmom 

Day 
(Gallons). 

Mazlmnm 
Day 

(Gallons). 

Average 

Lift 
(Fee^). 

Average 

Duty  (ft.-lba. 

per  100  Ibe. 

Coal). 

1904 

Janaary,    . 

1,608,900,000 

1 
61,700,000 

40,600,000 

90,400,000 

10.74 

44,000,000 

Febmary, . 

1,080,100,000 

66.200,000 

46,200,000 

87,300,000 

10.88 

46,000,000 

Maroh,       . 

2,402,700,000 

79,400,000 

61,100,000 

124,800,000 

11.72 

61,900,000 

April,         .        . 

2,407,400,000 

80,200,000 

52,600,000 

146,000,000 

11.77 

67,100,000 

May.  .        . 

2,468,800,000 

79,800,000 

60,600,000 

119,200.000 

11.66 

67,800,000 

June, . 

1,024,500,000 

64,200,000 

48,100,000 

72,400,000 

10.66 

44,700,000 

July,  . 

1,402,900,000 

48,200,000 

40,800,000 

68,100,000 

10.60 

41,200,000 

Aaguit,     . 

1,864,400,000 

44,000,000 

86,600,000 

67,800,000 

10.11 

41,200,000 

September, 

1,428,600,000 

47,600,000 

87,800,000 

89,800,000 

10.10 

42,600,000 

October,    . 

1,890,700,000 

44.900,000 

87,800,000 

66,800,000 

10.21 

41,800,000 

November, 

1,447,600,000 

48,800,000 

42,600,000 

74,600,000 

10.60 

40.900,000 

December, 

1,618,400,000 

62,000.000 

U,900,000 

92,700,000 

10.84 

48.000,000 

Total, . 

20,920,000,000 

- 

- 

- 

- 

- 

Average,     . 

- 

67,200,000 

46,800,000 

88,800,000 

10.81 

46,900,000 
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JEast  Boston  Pumping  Station. 

At  this  station  are  three  submerged  ceDtrifugal  pumps,  with  im- 
pellers or  wheels  8.25  feet  in  diameter,  driven  by  triple-expansion 
engines  of  the  Reynolds-Corliss  type. 


Contraot  capacity  of  pumps:  45,000,000  gallons  each,  with  19-foot  lift. 

Average  duty  for  the  year :  66,000,000  foot-pounds. 

Average  quantity  raised  each  day:  55,000,000  gallons. 

Force  employed:  3  engineers,  3  firemen,  6  screenmen  and  1  reliefman. 

Coal  used:  first-quality  Cumberland,  costing  from  $3.30  to  $3.90  per  ton. 

Table  of  Approximate  Quantities^  Lifts  and  Duties  at  the  East  Boston  Pump- 
ing Station  of  the  North  Metropolitan  System. 


Months. 


Total 
Pampage 
(aalloDs). 


Average 
per  Day 

(Gallooa). 


Mlnimam 

Day 
(OalloQi). 


Mazimnm 

Day 
(OalloQs). 


Average 
Lift 

(Feet). 


Average 

Duty  (ft..lba. 

per  100  Ibe. 

Goal). 


IMM. 


January, 
Febraary, 
March, 
April, 
May,  . 
June, . 
July,  . 
Angoat, 
September, 
October,  . 
November, 
December, 

Total,  . 

Average, 


1,541,000,000 
'  1,673,100,000 
I  2,400,700,000 

2,847,400,000 
!  2,800.800,000 
j  1,664,800,000 
'  1,375,900,000 

1,297,400,000 
,  1,888,000,000 
I  1,828.700,000 
i  1,887,800,000 
I  1,651,400,000 


20,128,000,000 


49,700,000 
64,200.000 
77,400,000 
78,200,000 
77,300,000 
52.200,000 
44,400,000 
41,000,000 
45.500,000 
42,900,000 
48,800,000 
50,000,000 


88,600,000 
44,200,000 
69,100,000 
50,000,000 
68,800.000 
41.100,000 
87,800.000 
34,600,000 
85,800,000 
85,800,000 
40,600,000 
42,000.000 


55,000,000  '    43,200,000 


88,400,000 

15.19 

85.300,000 

16.31 

122,800,000 

16.61 

148,000,000 

16.53 

117,200,000 

15.57 

70,400,000 

15.27 

68,100,000 

15.17 

56.800,000 

16.26 

87,800,000 

16.13 

63,300,000 

16.14 

72,600,000 

16.29 

90,700,000 

16.84 

87,500,000 

15.64 

52,600,000 
60,500.000 
58,800,000 
61,100,000 
60,500,000 
57,200,000 
54,400,000 
56,600,000 
55,800,000 
55,100,000 
56,200.000 
53,100,000 

56,000,000 
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Charlestown  Pumping  Station. 

At  this  station  are  three  submerged  centrifugal  pumps,  two  of 
them  having  impellers  or  wheels  7.5  feet  in  diameter,  the  other 
8.25  feet  in  diameter.  They  are  driven  by  triple-expansion  engines 
of  the  Reynolds-Corliss  type. 

Contract  capacity  of  pomps:  two,  22,000,000  gallons  each,  with  11-foot  lift ;  one,  60,000,000 

gallons,  with  8-foot  lift. 
Average  duty  for  the  year :  43,200,000  foot-pounds. 
Average  quantity  raised  each  day :  31,100,000  gallons. 
Force  employed :  3  engineers,  3  firemen,  6  screenmen  and  1  reliefman. 
Coal  used:  first  quality  Cumberland,  costing  from  $3.45  to  $4.38  per  ton. 

Table  of  Approximate  Quantities^  Lifts  and  Duties  at  the  Charlestoum 
Pumping  Station  of  the  North  Metropolitan  System. 


Mouths. 

Total 
Pumpage 
(GalloDi). 

Average 
per  Day 

(Qalloni). 

Minimum 
Day 

(Ghallona). 

Mazimom 
Day 

(Gallons). 

Average 

Lift 
(Feet). 

Average 

Duty  (ft..IbB. 

per  100  Ibe. 

Coal). 

1004. 

jADQftry,    . 

■              • 

1,000,600,000 

82,800,000 

26,600,000 

48,600.000 

8.05 

40,900.000 

February,  . 

966,100,000 

88,800,000 

28,800,000 

49,800,000 

8.07 

42,100,000 

March, 

1,108,800,000 

88,700,000 

81,800.000 

67,000,000 

8.43 

51.100.000 

April, 

1,161.000,000 

88,700,000 

29,200,000 

64,000.000 

8.48 

52,900.000 

May,  .       .       . 

*• 

1,171,000.000 

87,800,000 

81,800,000 

51,800,000 

8.88 

58.900,000 

June, . 

876,800,000 

20,200,000 

24,500,000 

84,500.000 

7.84 

89,600,000 

Jaly,  . 

865,000,000 

27,900,000 

24,200,000 

84,400,000 

7.77 

89,000,000 

Aaguat, 

868,700,000 

27,700,000 

24,200,000 

86,200,000 

7.72 

41,200,000 

September, 

842,000,000 

28,100,000 

22,800,000 

49,000,000 

7.75 

42.800,000 

October,     . 

765,600,000 

24,700,000 

20,800,000 

84,400,000 

7.97 

86,900,000 

November, 

786,800,000 

26,300,000 

28.200,000 

89,800,000 

7.81 

99,200,000 

December, 

002.700,000 

29,100,000 

24,200,000 

46,700,000 

7.85 

89,800.000 

Total,  . 

11,804.000,000 

- 

- 

- 

- 

- 

Average,     , 

- 

81,100,000 

25,900,000 

45,500,000 

8.01 

43,200.000 
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Alewtfe  Brook  Pumping  Station. 

The  plant  at  this  station  consists  of  the  original  installation  of 
small  commercial  pumps  and  engines,  i.e.,  two  9-inch  Andrews 
vertical  centrifugal  pumps,  with  direct-connected  compound  marine 
engines,  together  with  the  recent  additions.  The  latter  consist  of  a 
specially  designed  engine  of  the  vertical  cross-compound  type,  hav- 
ing between  the  cylinders  a  centrifugal  pump  rotating  on  a  horizontal 
axis. 


Contract  capacity  of  the  two  original  pnmps:  4,600,000  gallons  each,  with  13-foot  lift. 

Contract  capacity  of  new  pump:  13,000,000  gallons,  with  13-foot  lift. 

Average  duty  for  the  year :  17,900,000  foot-pounds. 

Average  quantity  raised  each  day :  3,646,000  gallons. 

Force  employed :  3  engineers. 

Coal  used :  first  quality  Cumberland,  costing  from  $3.71  to  $4.73  per  ton. 

Table  of  Approximate  QuantUieSj  Lifts  and  Duties  at  the  Alewife  Brook 
Pumping  Station  of  the  North  Metropolitan  System. 


Months. 


ToUl 
Pamp^e 
(Oallons). 


Average 

per  Day 

(Oallons). 


MinlmQm 
Day 

(Oallona). 


Mazimam 

Day 
(Galloiw). 


Average 

Lift 
(Feet). 


Average 

Duty  (ft.-lbe. 

per  100  Iba. 

Coal). 


1904 


January, 

Febmary, 

March, 

April, 

May,  . 

June, . 

July,  . 

Augoit, 

September, 

October, 

November, 

December, 

ToUl, . 

Average, 


110,082,000 

8,660,000 

2,692,000 

7,167,000 

12.96 

116,879,000 

4,018,000 

2,881,000 

7,680,000 

12.98 

188,666.000 

6,921,000 

8,968,000 

8,996,000 

12.49 

166,861,000 

6,212,000 

8,788,000 

9,178,000 

12.41 

168,906,000 

6,126,000 

8,880,000 

7,876,000 

12.46 

101,217,000 

3,374,000 

2,608,000 

4,677,000 

12.88 

84,897,000 

2,728,000 

1.994,000 

4,027,000 

18.16 

60,408,000 

2,289,000 

1.646,000 

8,626,000 

18.26 

81,272,000 

2,709,000 

1,616,000 

6,400,000 

18.26 

74,171,000 

2,898,000 

1,868,000 

3,674,000 

18.28 

74,626,000 

2,487,000 

2,120,000 

4,664,000 

18.26 

86,766,000 

2,799,000 

2,414,000 

6,836,000 

18.29 

1,297,119,000 

- 

- 

- 

- 

- 

3,646,000 

2,672,000 

6,167,000 

12.96 

18,200,000 
20,400,000 
24,400,000 
22,200,000 
22,100,000 
16,600,000 
16,100,000 
18,800,000 
16,800,000 
14,800,000 
14,600,000 
16,900,000 

17,900,000 
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South  Metropolitan  System. 

Quincy  Pumping  Station. 

At  this  station  are  two  compound  condensing  Deane  pumping 
engines. 

Contract  capacity  of  pnmps:  one,  3,000,000  gaUons,  the  other,  5,000,000  gallons,  with  36- 
foot  lift. 
Ayerage  daty  for  the  year:  36,400,000  foot-pounds. 
Average  quantity  raised  each  day:  3,661,000  gallons. 
Force  employed :  3  engineers  and  1  screenman. 
Goal  used :  first-quality  Cumherland,  costing  from  $4.20  to  S5.04  per  ton. 

Table  of  Approximate  Quantities^  Lifts  and  Duties  at  the  Quincy  Pumping 

Station  of  ihe  South  Metropolitan  System. 


Mouths. 

Total 
Pampage 
(QalloDB). 

Average 
per  Day 

(GalloDs). 

Minimum 

Day 
(OalloDB). 

Maximum 

Day 
(OallooB). 

Average 
Uft 

(Feet). 

Average 

Duty  (ft..Iba. 

per  100  lbs. 

Coal). 

1M4. 

January,    . 

81,W6,000 

2,622,000 

2,201,000 

8,182,000 

86.32 

29,900,000 

Febraary,  . 

98,021,000 

8,401,000 

2,501,000 

5,427,000 

87.78 

85,600,000 

ICarcb,       .       . 

177,415,000 

6,723.000 

4,675,000 

8,891,000 

86.12 

40,600,000 

April. 

161,600,000 

6,888,000 

4,608,000 

8,867,000 

36.62 

48,200.000 

May,  . 

185,008,000 

6.007,000 

5,080,000 

7,654,000 

89.26 

43,600,000 

Jane, . 

181,843,000 

4,878,000 

2.900,000 

5,227,000 

88.84 

42,200,000 

July,  . 

06,700,000 

8.121,000 

2,480,000 

4,419,000 

80.10 

36,000,000 

Angiiat, 

80,158,000 

2,586,000 

2,847,000 

8,157,000 

36.60 

34,200,000 

September, 

80,270,000 

2,675,000 

2,225,000 

8,882,000 

86.90 

34,900,000 

October,    . 

80,118,000 

2,584,000 

2,806,000 

3,527.000 

86.19 

82,800,000 

November, 

84,070,000 

2,712,000 

2,588,000 

3,605,000 

36.04 

82,500,000 

Deoember, 

81,867,000 

2,625,000 

2,059,000 

8,132,000 

87.72 

32,900,000 

Total, . 

1,888,810,000 

- 

- 

- 

- 

- 

Average, 

- 

8,651,000 

8,015,000 

4,908,000 

86.53 

86,400,000 
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Ward  Street  Pumping  Station. 

At  this  station  are  two  vertical,  triple-expansion  pumping  en- 
gines, of  the  Allis-Chalmers  type,  operating  reciprocating  pumps, 
the  plungers  of  which  are  48  inches  in  diameter  with  a  60-inch 
stroke. 

Contract  capacity  of  pumps:  60,000,000  gallons  each,  with  45-foot  lift. 
Average  quantity  raised  each  day  from  October  14, 1904  to  December  31, 1904 :  12,700,000 
gallons. 

Table  of  Approximate  Quantities  at  the  Ward  Street  Pumping  Station  of  the 

South  Metropolitan  System. 


Months. 


Total 
Pampage 
(Oallona). 


Average 

per  Day 

(OalioDs). 


Miolmam 

Day 
<OalloD8). 


Maxlmam 

Day 
(Oallona). 


October,*   . 

November, 

December, 


1M4. 


Total.  . 
Average, 


188,900,000 
400,700,000 
412,800,000 


1,003,900,000 


10,800,000 
18,000,000 
18,800,000 


12,700,000 


6,000,000 

7,900,000 

10,800,000 


8,600,000 


18,600,000 
27,600,000 
28,100,000 


21,400,000 


*  From  October  14  only. 


In  the  following  tables  the  total  cost  of  pumping  and  the  rate 
per  million  foot-gallons  at  each  of  five  pumping  stations  are  shown 
in  detail :  — 


Average  Cost  per  Million  Foot-gallons  for  Pumping  at  the  Deer  Island  Station, 

Volume  (20,920  liiUlOD  Oallona)  X Lift  (10.81  Feet)=22«,146  Million  Foot-gallona. 


Itxms. 


Coat 

per  Million 

Foot-gallona. 


Labor, 

Coal, 

Oil, 

Waele, 

Water, 

Packing 

liiaeellaneoaa  auppllea  and  renewala. 


Totala, 


$11,868  61 

7,880  30 

192  02 

74  47 

1,209  60 

72  80 

916  41 


$21,163  64 


$0.06027 
.03241 
.00086 
.00088 

.00636 
.00082 
.00406 


$0.09368 
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Average  Cost  per  Million  Foot-gaUonefor  Pumping  at  the  East  Boston  Station, 

Volame  (20,128  lilUlon  aalloD«)xLlfi  (16.64  F66t)=314,802  lilUloD  Foot-gallooa. 


ITSMB. 


Labor, 

Goal 

Oil 

Wmste, 

Waler 

PaeklDK, 

MiflcellBoeoiia  rappliat  and  raDawaUi 

ToUla, 


Coat 

Cott. 

per  Million 
^oot-gaUona. 

$10,660  24 

$0.03361 

7.007  62 

.02640 

268  77 

.00061 

66  77 

.00018 

040  80 

.00200 

11  78 

.00004 

636  80 

.00171 

$20,346  77 

$0.06464 

Average  Cost  per  MUlion  Foot-gallons  for  Pumping  at  the  Charlestown  Station, 

Volome  (11,304  Million  Oallont)xLlft  (8.01  F6et;=01.266  Million  FooH;allona. 

Coat 
Itkms.  Coat.  per  Million 

Foot-gallona. 


Labor, 

Coal 

Oil 

Waaie, 

Water 

PaekiDV 

Mlaeellaneoaa  anppliea  and  renewals, 

Totala, 


$0,086  88 

8,166  86 

171  30 

70  40 

410  40 

76  77 

660  61 


$14,640  70 


$0.10042 
.03468 
.00188 
.00077 
.00440 
.00084 
.00784 


$0.16032 


Average  Cost  per  Million  Foot-gallons  for  Pumping  at  the  Alewife  Brook 

Station, 

Volame  (1,207.110  Million  Oallona)  x  Lift  (12.06  Feet)  =16,811  Million  Foot.gallona. 


ITSXB. 


Coat 

per  Million 

Foot-gallona. 


Labor 

Coal 

Oil, 

Waste, 

Water 

Faekinv, 

Miaoelianeons  supplies  and  renewals, 

ToUls 


$8,377  00 

1,630  88 

110  01 

40  67 

242  40 

10  77 

447  76 


$5,868  88 


$0.20060 
.00608 
.00660 
.00241 
.01442 
.00118 
.02664 


$0.31011 


Average  Cost  per  Million  Foot-gaUons  for  Pumping  at  the  Quincy  Station, 

Volame  (1,338.81  Million  Gallons)  X  Lift  (36.63  Feet)  =  48,007  MllUoo  Foot-gallons. 


ITXXS. 

Cost. 

Cost 

per  Million 

Foot-gallona. 

Labor 

Coal, 

OU 

Waste, 

Water, 

Peeking 

MieoellaDeons  sappllea  and  renewals, 

$3,888  07 

2,688  86 

26  05 

10  43 

901  86 

80  84 

638  15 

$0.07062 
.06283 
.00065 
.00021 
.00413 
.00062 
.01204 

Totals, 

$7,886  06 

$0.16100 
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Material  Intercepted  at  the  Screens. 

The  sewage  of  the  North  Metropolitan  District,  on  entering  the 
three  main  line  pumping  stations  and  before  reaching  the  pumps, 
is  screened  through  cages,  provided  in  duplicate,  and  raised  or  low- 
ered by  steam  power.  This  intercepted  material  consists  of  rags, 
paper  and  other  floating  matter,  and  amounted  to  a  total  of  about 
2,084  cubic  yards  during  the  year.  This  is  equivalent  to  about  2.7 
cubic  feet  for  each  million  gallons  of  sewage  pumped  at  Deer  Island. 

Care  of  Special  Structures. 

During  the  year  the  wharf  at  Deer  Island  has  been  reinforced 
with  50  new  oak  piles,  and  some  of  the  stringers  and  a  portion  of 
the  planking  have  also  been  renewed.  The  east-iron  water  piping 
in  the  grounds  about  the  pumping  station  has  been  extended  during 
the  year  to  improve  the  fire  protection  at  the  dwelling  house  and 
lockers,  involving  the  placing  ot  about  1,000  feet  of  4-inch  and 
6-inch  pipe  and  2  hydrants.  About  400  tons  of  riprap  have  been 
deposited  on  Deer  Island  bar  over  the  line  of  the  outfall  sewer. 

Heavy  riprap  has  been  placed  on  the  earth  slopes  about  the  shore 
structures  at  both  ends  of  the  Maiden  River  siphon,  and  the  em- 
bankment over  the  sewer  across  the  marsh  on  the  Everett  side  of 
the  siphon  has  been  repaired.  This  work  has  involved  the  placing 
of  500  tons  of  stone. 

The  sewage  flow  in  the  old  Mystic  valley  sewer  in  Winchester 
has  at  times  surcharged  the  sewer,  so  that  it  has  been  found  desir- 
able to  connect  the  Cummingsville  branch.  Section  47,  with  the 
low-level  sewer.  Section  44,  built  in  1893.  This  connection  was 
made  by  the  maintenance  force  during  the  year.  About  130  feet  of 
18-inch  Akron  pipe,  reinforced  with  concrete,  were  laid  at  an  average 
depth  of  10  feet  from  near  the  junction  of  Lake  and  Main  streets, 
through  Lake  Street,  to  the  lower  end  of  the  siphon  under  the 
Wedge  Pond  culvert.  The  siphon  is  thus  abandoned  and  a  free  out- 
let at  a  lower  level  obtained  for  the  Cummingsville  branch,  thereby 
to  a  great  extent  relieving  the  old  Mystic  valley  sewer. 

Studies  of  sewage  flow  in  the  Metropolitan  sewers,  siphons  and 
outfall  pipes  indicate  freedom  from  deposits  and  satisfactory  condi- 
tions in  general. 
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FUTURE  EXTENSION  OF  THE  METROPOLITAN  SEWER 
INTO  THE  HIGHER  TERRITORY  OF  BROOKLINE, 
BRIGHTON   AND  NEWTON. 

The  Board  was  directed,  by  chapter  230  of  the  legislative  Acts  of 
1904,  '*  to  deteimine  the  location,  elevation  and  size  of  the  Metro- 
politan High-level  Sewer  above  the  point  where  the  sewage  from 
the  Charles  River  valley  is  to  be  received." 


South  Metropolitan  System. 

Chapter  424  of  the  legislative  Acts  of  1899  constituted  the  South 
Metropolitan  System  by  combining  the  original  Charles  River  Met- 
ropolitan district,  the  original  Neponset  valley  Metropolitan  dis- 
trict, the  city  of  Quincy,  and  parts  of  the  Dorchester,  Roxbury  and 
West  Roxbury  districts  of  the  city  of  Boston.  The  system  as  at 
present  constituted  provides  for  the  drainage  of  102  square  miles  of 
Metropolitan  territory  in  Suffolk,  Norfolk  and  Middlesex  counties, 
and  includes  the  whole  or  parts  of  9  cities  and  towns,  having  a  pres- 
ent population  of  318,000,  as  set  forth  in  the  following  table,  and 
outlined  on  the  general  map  accompanying  this  report :  — 

Table  No.  1.  —  Showing  Areas  and  Populations  in  South  Metropolitan  Dis- 
trict December  31 ,  1904. 


City  or  Town. 


Area  (Square 
Miles). 


Population. 

December  81, 

1004. 


Boston  (portions  of) 

Brookllne 

Dedham,* 

Hyde  Park 

Milton, 

Newton, 

Qaincy, 

Waltham, 

Watertown, 

Totals, 

*  Part  of  town. 


20.92 

6.81 

O.iO 

4.57 

12.69 

18.03 

12.56 

18.63 

4.04 


102.55 


155,800 
25,100 

7,400 
14J00 

7,900 
80,900 
28,400 
27,800 
11,500 


818,800 
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The  higher  portions  of  this  district,  embracing  an  area  of  64 
square  miles,  with  a  present  population  of  179,000,  are  at  suflScient 
elevation  to  permit  their  sewage  to  be  collected  in  a  trunk  sewer 
and  conveyed  by  gravity  to  an  outlet  in  the  harbor.  The  sewage 
from  the  39  square  miles  of  lower  territory,  with  a  present  popu- 
lation of  139,000,  will  always  need  to  be  pumped.  This  division 
of  the  South  Metropolitan  territory  into  high-level  and  low-level 
sections  is  outlined  on  the  general  map  and  set  forth  in  the  fol- 
lowing tables :  — 

Table  No.  2.  — Showing  Area  of  South  Metropolitan  District  tJiat  may  be 
drained  by  Gravity y  with  Estimated  Population  December  31  y  1904. 


City  ob  Town. 


Area  (Sqaare 
Miles). 


PopnlalioDt 

December  81, 

1004. 


BoatoD 

Brookllne, 

Dedbam,* 

Hyde  Park 

Milton 

Newton, 

Qalncy, 

ToUls 

*  Part  of  town. 


15.00 
5.40 
0.40 
4.57 
11.50 
18.85 
4.80 


68.70 


108,400 
18,100 

7,400 
14,700 

7,200 
26,700 

8.000 


170,500 


Table  No.  3.  —  Showing  Area  of  South  Metropolitan  District  the  Sewage 
from  which  will  require  Pumping^  with  Estimated  Population  December 
31,  1904. 


City  or  Town. 


Area  (Square 
Milea). 


PopnlatloD, 

December  31, 

1004. 


Boston, 
Brookllne, 
Milton, . 
Newton, 
Qalncy, 
Waltham, 
Watertown, 
Totals. 


52,400 
12,000 
700 
14,200 
20,400 
27,600 
11,500 


188,800 
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The  High-level  Sewer. 

Chapter  424  of  the  Acts  of  1899  further  authorized  the  construc- 
tion and  operation  of  a  main  sewer  and  appurtenances,  known  as  the 
High-level  Sewer,  for  the  disposal  of  sewage  from  this  South 
Metropolitan  area  by  gravity.  This  trunk  sewer  has  been  under 
construction  for  the  past  four  years,  and  has  but  recently  been  com- 
pleted and  put  into  operation.  It  is  designed  to  receive  and  carry 
by  gravity  the  sewage  from  the  64  square  miles  of  high-level  ter- 
ritory outlined  in  Table  No.  2.  Sewage  from  the  original  Charles 
River  district  is  at  present  lifted  to  it  by  pumps  at  a  station  on  Ward 
Street  in  Roxbury.  The  sewage  of  parts  of  the  city  of  Quincy  will 
be  pumped  to  it  at  a  station  in  Merrymount  Park  in  that  city.  A 
small  district  of  about  2  square  miles,  from  which  sewage  may 
eventually  be  raised  to  the  High-level  Sewer,  includes  portions  of 
Dorchester  and  Milton,  extending  from  Hyde  Park  to  Granite 
Bridge.  It  is  at  present  tributary  to  the  lower  portion  of  the  origi- 
nal Neponset  valley  Metropolitan  sewer,  and  will  probably  con- 
tinue to  discharge  into  the  Boston  Main  Drainage  Works  for  some 
years. 

The  High-level  Sewer,  so  far  as  authorized  by  legislative  acts  and 
already  constructed  and  in  operation,  has  a  length  of  about  17  miles, 
extending  from  the  Ward  Street  pumping  station  in  Roxbury  to 
an  outlet  in  the  outer  harbor  a  mile  below  Nut  Island  in  Quincv. 
The  outfall  works  involve  two  lines  of  60-inch  cast-iron  pipe 
laid  below  the  bed  of  the  harbor,  from  the  outlet  to  Nut  Island. 
A  screen-house,  sand-catcher  and  gate-chamber  for  regulating  the 
sewage  flow  are  located  on  the  island.  At  this  point  the  sewer 
is  about  11  feet  wide  and  12  feet  high.  Its  invert,  by  the  Met- 
ropolitan Sewerage  base,  which  is  100  feet  below  the  city  of 
Boston  base,  is  at  elevation  110,  or  mean  high  water  of  the 
harbor.  It  extends  through  Quincy,  follows  along  Unkety  and 
Pine  Tree  Brook  valleys  in  Milton  to  Hyde  Park,  thence  passing 
through  the  Neponset-Stony  Brook  divide,  along  the  westerly  side 
of  the  Stony  Brook  valley  to  near  the  easterly  side  of  Jamaica  Pond, 
at  the  junction  of  Perkins  and  Centre  streets  in  Jamaica  Plain, 
where  a  branch  has  been  left  for  future  extension  of  the  works  into 
the  higher  territory  of  Brookline,  Brighton  and  Newton.  At  this 
point  it  is  about  9  feet  in  diameter,  and  its  invert  elevation  is  about 
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131.5  feet,  or  21.5  feet  above  mean  high  water  of  the  harbor.  From 
here  the  sewer  is  6  feet  6  inches  wide  and  7  feet  high,  and  extends 
northerly  through  Parker  Hill  to  near  the  junction  of  St.  Alphonsus 
and  Smith  streets  in  Roxbury,  connecting  with  two  48-inch  force 
mains  from  the  Ward  Street  pumping  station,  which  convey  to  it  the 
sewage  from  the  original  Charles  River  main  sewer.  A  detailed 
description  of  this  construction  is  given  in  the  eleventh  and  twelfth 
reports  of  the  Metropolitan  Sewerage  Commission  and  the  first  to 
fourth  reports  of  the  Metropolitan  Water  and  Sewerage  Board. 

Present  JSTeed  of  defining  Location  for  Extension  of  High-level 

Sewer, 

Section  8  of  chapter  424  of  the  Acts  of  1899  provides  that  only 
separate  sewage  from  new  districts  shall  be  received  into  the  High- 
level  Sewer.  Chapter  383  of  the  Acts  of  1903  requires  that  «*  Any 
city  or  town  using  any  metropolitan  sewer  may,  in  any  year,  and 
shall  in  any  year  specified  by  the  officer  or  board  having  charge  of 
said  sewers,  expend  one-twentieth  of  one  per  cent,  of  its  taxable 
valuation,  to  be  met  by  loan  outside  the  debt  limit,  in  the  construc- 
tion, in  connection  with  said  sewers,  of  branch  intercepting  sewers, 
connections  of  existing  sewei*s  with  intercepting  sewers,  branch 
drains,  sewers  or  drains  in  any  street  where  one  thereof  only  shall 
have  been  built,  and  the  necessary  connections  aforesaid."  Chapter 
465  of  the  Acts  of  1903  provides  for  a  park  basin  in  the  Charles 
River  valley  above  Oraigie  Bridge.  All  these  facts  foreshadow  an 
early  construction  of  separate  systems  of  sewerage  by  municipalities 
of  the  South  Metropolitan  District  which  at  present  have  combined 
sewers. 

The  town  of  Brookline  and  the  Back  Bay,  Brighton,  Roxbury, 
West  Roxbury  and  Dorchester  districts  of  the  city  of  Boston  are 
now  largely  sewered  on  the  combined  system.  To  proceed  intelli- 
gently with  the  design  for  separate  systems  of  sewerage  for  these  dis- 
tricts requires  detailed  information  relating  to  the  future  extension 
of  the  High-level  Sewer.  Studies  to  develop  this  information  are 
authorized  by  the  recent  legislative  action  (chapter  230,  Acts  of 
1904),  directing  the  Board  to  define  the  location  and  size  of  this 
extension. 
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District  Involved  in  Study  for  EoUension  of  the  High-level  Sewer. 

Metropolitan  areas  that  may  be  traversed  by  this  extension  are 
set  forth  in  the  following  table  :  — 

Table  No.  4.  —  Showing  Areas  Involved  in  Study  for  Extension  of  the 

High-level  Sewer  above  Jamaica  Plain* 


City  ob  Town. 


BcNrton:  — 

BMk  Bay  dittriet,      . 

Brighton  district, 

WMt  Roxbnry  (part  of),  . 
Brooklloe 


Area 
(Bqaare 

MtlM). 


1.61 
4.27 
0.18 
6.81 


City  ob  Town. 


Newton, 
Waltham, 
Watertown, 
Toul, 


Area 

(dqnare 
Miles). 


18.08 

18.03 

4.04 


48.67 


Anticipated  Volume  of  Sewage. 

To  determine  the  size  for  the  extension  of  this  sewer  through  the 
teiTitory  set  forth  above  involves  certain  approximations  of  the  vol- 
ume of  sewage  to  be  anticipated  in  future  years.  In  public  works 
of  this  character  provision  is  usually  made  for  a  generation.  The 
High-level  Sewer  already  constructed  was  intended  to  provide  for 
anticipated  conditions  in  the  year  1940,  and  it  would  seem  proper  to 
provide  for  this  extension  to  the  same  date.  Sewage  which  reaches 
an  intercepting  sewer  of  this  character  is  made  up  largely  of  public 
and  private  water  supplies,  leakage  of  ground  water  into  the  sewer, 
and  a  small  amount  of  surface  water.  It  is  usual  to  estimate  its 
volume  by  a  per  capita  rate. 

Population. 

Several  forecasts  of  population  on  Metropolitan  areas  have  been 
prepared  by  the  engineers  of  the  Metropolitan  Water  Board,  Met- 
ropolitan Sewerage  CJommission  and  State  Board  of  Health.  There 
is  a  substantial  agreement  in  all  these  forecasts,  and  the  populations 
adopted  for  this  study  and  set  forth  in  the  following  table  are  as 
liberal  as  any  that  have  been  suggested. 
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Tablk  No.  5. — Forecasts  of  Populations  Jor  Areas  Involved  in  Studies 
for  the  Extension  of  the  High-level  Sewer  above  Jamaica  Plain,  from 
A.D.  1905  to  1940. 


Estimated  Populations. 

CiTT  OR  Town. 

11109. 

lOlO. 

loia. 

tWM. 

1»»9. 

lOSO. 

losa. 

1040. 

Boston :  — 

Back  Bay  district,     . 

Brighton  district. 

West  Rozbary  (part  of), 
Brookllne,        . 
Newton,    .... 

Waltham 

Watertown,      ... 

Totals,        ... 


24,400 

28,000 

81,000 

84,500 

89,000 

45,000 

52,000 

24,400 

81,000 

88,200 

47,100 

57,100 

68,000 

80,000 

3S0 

560 

850 

1,250 

1,700 

2«200 

2,800 

25,100 

32,500 

41,000 

60,000 

61,000 

78,000 

86,000 

89,900 

52,500 

66,000 

80,000 

06,000 

111,000 

127,000 

27,000 

34,000 

40,800 

49,000 

58,800 

09,000 

79,000 

n,&oo 

14,500 

17,500 

21,000 

25,600 

80,600 

36,000 

153,250 

198,050 

235,350 

282,850 

838,100 

808,700 

462,800 

60,000 

93,000 

8,500 

101,000 

144,000 

89,000 

43,000 

582,600 


A  subdivision  of  these  populations  has  been  prepared,  indicating 
Avhat  may  be  anticipated  on  areas  drained  by  gravity,  and  what  may 
be  assumed  to  be  permanently  tributary  to  the  low-level  system,  as 
set  forth  in  the  followinsr  table  :  — 
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From  this  table  it  appears  that  the  total  present  population  on 
areas  tributary  by  gravity  to  an  extension  of  the  High-level  Sewer 
may  be  45,350,  and  that  in  1940  it  may  have  increased  to  177,500 ; 
and  that  the  present  population  on  the  low-level  pumped  area  may 
be  106,600,  and  in  1940  may  have  increased  to  337,500. 

Per  Capita  Rate  to  be  used  in  Determining  Size  of  Setver. 

The  amount  of  sewage  per  capita  to  be  provided  for  in  the  earlier 
years  in  the  district  under  discussion  may  be  judged  practically  from 
the  Boston  Main  Drainage  and  the  Metropolitan  Sewerage  "Works, 
which  have  both  been  in  operation  many  years.  The  latter  receives 
sewage  from  areas  sewered  about  equally  on  the  separate  i^nd  com- 
bined systems,  not  unlike  the  present  condition  of  the  territory  to  be 
traversed  by  the  proposed  extension  of  the  High-level  Sewer.  In 
1898  an  extended  study  was  prepared  by  the  Engineer  of  the  Met- 
ropolitan Sewerage  Works,  involving  a  comprehensive  review  of 
volumes  of  sewage  from  both  works.  Per  capita  rates  deduced 
from  that  study  and  adopted  for  the  High-level  Sewer  already  built, 
designed  ultimately  to  receive  sewage  from  separate  sewers  only,  are 
as  follows :  — 

1940. 

Yearly  average  flow  of  sewage, 147  176 

Mazlmam  dry  weather  flow, 165  200 

Mazlmam  flow  daring  atorms, 251  800 

Studies  of  sewage  flows  in  Metropolitan  sewers  since  1898  indicate 
that  the  above  conclusions  from  earlier  studies  are  fully  justified. 

This  extension  of  the  High-level  Sewer  above  Jamaica  Plain  is  to 
receive  sewage  from  cities  and  towns  that  are  now  or  in  the  near 
future  probably  will  be  sewered  on  the  separate  system,  from  which 
practically  all  surface  waters  will  be  excluded.  The  present  water 
supply  of  many  of  these  cities  and  towns  is  comparatively  small, 
not  more  than  one-half  of  the  average  water  supply  of  the  whole 
Metropolitan  District  which  was  involved  in  establishing  the  above 
rates,  so  that  300  gallons  per  capita  might  appear  unnecessarily 
liberal  for  fixing  the  size  of  this  extension.  Some  of  the  municipal- 
ities, however,  are  already  provided  with  separate  sewei-s  designed 
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on  a  rate  exceeding  200  gallons  per  capita  when  running  full,  and 
many  of  these  local  sewers  are  now  occasionally  surcharged.  This 
sewer  will  be  located  at  considerable  distance  inland  from  the  Charles 
River,  so  that  occasional  overflows  into  the  river  cannot  be  provided 
to  relieve  any  future  lack  of  capacity.  It  is  also  possible  that  in 
the  future  a  larger  area  and  population  than  now  studied  may  be 
made  tributary  to  this  extension. 

The  increased  sizes  of  sewer  resulting  from  this  liberal  rate  per 
capita  will  add  but  a  small  percentage  to  the  cost  of  the  work. 
There  is  a  persistent  increase  in  water  consumption  in  the  whole 
Metropolitan  District.  Population  is  advancing  at  phenomenal  and 
unanticipated  rates,  particularly  in  the  outlying  sections  to  be  tra- 
versed by  this  extension,  and  all  exi)erience  gained  from  the  opera- 
tion of  the  Metropolitan  Works  dictates  the  most  liberal  treatment 
for  extensions  into  outlying  territory.  The  rates  already  adopted 
for  the  earlier  high-level  construction  and  set  forth  above  are  there- 
fore felt  to  be  justified  for  this  extension  and  have  been  adopted  in 
this  study. 

The  volume  of  sewage  estimated  from  the  before-mentioned  rates 
of  flow  per  capita  and  the  population  given  in  the  tables  is  set  forth 
in  Table  No.  7  :  — 
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Relief  for  the  ExlHting  Charles  River  Main  Sewer. 

Until  an  extension  of  the  High-level  Sewer  to  the  territory  pro- 
posed shall  have  been  constructed,  the  volume  of  sewage  from  both 
high  and  low  districts,  set  forth  in  Table  No.  7,  will  continue  to  be 
tributary  to  the  existing  Charles  River  valley  sewer.  The  capacity 
of  this  sewer  and  its  relation  to  volumes  of  sewage  flow  from  the 
whole  district  are  set  forth  graphically  on  diagrams  Nos.  1,  2  and 
3  :  at  Vancouver  Street,  in  the  Back  Bay  district  of  Boston  ;  above 
Brookline,  at  the  Brighton-Newton  line;  and  at  the  end  of  the 
Charles  River  main  sewer  in  Newton. 

From  the  table  and  diagrams  it  appears  that  as  early  as  1907 
overflows  during  storms  will  undoubtedly  occur  through  Brighton 
and  Brookline,  and  that  dry  weather  flows  may  fill  the  sewer  about 
1915  through  the  same  territory.  The  large  pumps  of  the  Ward 
Street  station  will  doubtless  quicken  the  flow  of  sewage  in  the  lower 
section  of  this  main  sewer.  It  is  not  anticipated  that  they  can 
materially  delay  the  date  when  storm  overflows  will  occur.  Relief 
for  this  district  should  be  provided  at  an  early  date,  before  the 
storm  overflows  become  so  frequent  and  oflfensive  as  to  be  objection- 
able in  the  lower  Charles  River  basin.  Above  Brighton,  through 
the  city  of  Newton,  relief  may  be  delayed  for  ten  years,  until  1915 
or  later. 

The  future  condilion  of  the  existing  Charles  River  valley  main 
sewer  after  it  shall  have  been  relieved  by  the  proposed  extension 
above  Jamaica  Plain  is  exhibited  on  diagrams  Nos.  4,  5  and  6. 
From  these  diagrams  it  appears  that  storm  overflows  from  this 
sewer  may  be  expected  from  1920  to  1925,  and  that  dry  weather 
flows  may  fill  the  sewer  in  the  year  1930  or  later. 
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DuoRAK  No.  1.  —  ComparUon  of  the  Bslimated  Flow  of  Sewage  and  the 
Capacily  of  the  Ckarlea  Biver  Valley  Sewer  at  Vancouver  ajid  Ruggles 
SlreeU,  Back  Bay,  using  Total  Eslimated  Eigh-tevel  and  Low-level  Poptt- 
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DiAOKAic  No.  2— Comparison  of  Ike  Etlimaied  Flow  of  Sewage  and  the 
GapacUy  of  the  Charles  Btver  Valtei/  Sewer  at  Collage  Farm,  Brighton, 
uiing  Total  Estimated  High-level  and  Loto-Uvel  Populations. 


METROPOLITAN   WATER  [Pub.  Doc. 


DiAORAU  No.  3.  —  Comparison  of  the  EHinuUed  Flow  of  Sewage  and  lite 
Capacity  of  the  CkarUt  Sivcr  VaiUtf  Setoer  at  Cheeaeeake  Brook,  Newton, 
and  at  Newton- BrigfUon  Town  Line,  using  Total  Estimated  High-koel 
and  Iiow-Uvtl  Populntions. 
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DiAGRAK  Xo.  i.  —  CompanK)n  of  Ihe  EtlimaUd  Flow  of  Sewage  and  IHe 
Cttpaeity  of  Ihe  Charles  River  Valley  Sewer  at  Vancouver  and  Ruggles 
Slreelt,  Book  Bay,  using  Total  EHinvUtd  Low-Uvel  Populations. 


DiAOBAH  No.  5. —  Comparison  of  Ihe  EHimaled  Flow  of  Sewage  and  Ihe 
Capacity  of  the  Charles  River  Valley  Sewer  al  Cottage  Farm,  Brighton, 
using  Tbial  Eftimaitd  Lour-level  Populaliow. 
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DlAQRAU  No.  6. —  Comparinon  of  the  EsUmaled  Flout  of  Sewage  and  the 
Capaetty  of  the  Charles  River  Valley  Sewer  at  Cheeteeake  Brook,  Newton, 
and  al  ffewCon- Brighton  Town  Line,  using  Tt>lal  Eatimaled  Low-levet 
I^ulalionB. 
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Possible  Future  Additions  to  the  South  Metropolitan  System, 

Under  authority  of  chapter  65  of  the  Resolves  of  1899,  the  State 
Board  of  Health  reviewed  the  project  for  a  high-level  gravity  sewer 
for  the  relief  of  the  Charles  and  Neponset  River  valley  Metropolitan 
areas,  and,  among  other  suggestions  in  relation  thereto,  recom- 
mended that  small  areas  in  the  towns  of  Weston,  Wellesley  and 
Needham,  along  the  westerly  border  of  the  Charles  River,  be  added 
to  the  South  Metropolitan  District.  By  legislative  act,  the  district 
is  limited  at  present  by  the  easterly  border  of  the  Charles  River  at 
Newton  and  Waltham.  The  South  Metropolitan  District  and  the 
area  recommended  to  be  added  are  both  outlined  on  the  general 
map. 

The  present  population  on  the  area  that  may  be  added  west  of  the 
Charles  River  is  about  2,800,  and  in  1940  may  be  15,000.  This 
area  is  so  located  that  its  drainage  may  be  collected  without  pump- 
ing in  an  existing  main  sewer  of  the  city  of  Newton,  which  extends 
from  near  the  end  of  the  Charles  River  Metropolitan  sewer  through 
Auburn  dale  and  Newton  Lower  Falls.  If  at  a  future  date  this  por- 
tion of  Weston,  Wellesley  and  Needham  should  be  added  to  the 
South  Metropolitan  District  by  legislative  act,  its  di-ainage  may  be 
provided  for  by  purchasing  a  length  of  about  7  miles  of  local  main 
sewer  of  the  city  of  Newton,  and  incorporating  it  as  a  section  of  the 
Metropolitan  System.  This  length  of  sewer  is  shown  on  the  general 
map  and  outlined  in  Table  No.  8  :  — 

Table  No.  8.  — Newton  Main  Sewers  that  may  be  purchased  to  provide  for 

Drainage  of  Wellesley  and  Needham. 


SiZB. 

Length 
(SCiles). 

Location. 

Remarks. 

24"X86",    .... 

^o'xao" 

20"  cMt-iron  pipe,    . 

0".  8"  and  16"  cast-iron 
pipe  siphone. 

5.15 

2.18 

.06 
.07 

From  Charles  River  valley  sewer  along 
Cheesecake  Brook,  Watertown,  Wash, 
ington   and   Border  streets,   private 
land,  Commonwealth  Avenue,  Boarne 
and   Charles   streets,   along  Charles 
River,  St.  Mary's,  Concord  and  Wash- 
ingtoo  streets. 

In    Washington    Street,    Quinobeqaln 
Road  and  along  Charles  River  to  Eliot 
Street. 

Along  Charles  River  near  Echo  Bridge, 

Across  Charles  River  near  Echo  Bridge, 

4.45  miles  earth  open  cat, 
.68  mile  rock  open  eat, 
.02  mile  earth  tunnel. 

1.48  miles  earth  open  cut, 
.50  mile  rock  open  cut, 
.11  mile  rock  tonnel. 

Rock  open  cat. 

Rock  cot. 

ToUl, 

7.40 
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This  length  of  sewer  was  constructed  by  the  city  of  Newton  at  a 
cost  of  $289,000.  It  would  be  necessary  to  extend  pipes  across  the 
Charles  River  at  several  points  where  drainage  of  this  added  district 
wil!  naturally  collect,  and  these  pipes  and  the  purchase  of  the  local 
sewer  of  the  city  of  Newton  would  involve  an  expenditure  of  about 
$300,000  to  provide  for  the  future  drainage  from  these  added  areas. 
The  drainage  from  so  small  a  population  as  outlined  for  these  areas 
can  safely  be  provided  for  in  the  existing  Newton  sewer  for  many 
years.  The  addition  of  these  areas  to  the  South  Metropolitan  Dis- 
trict will  hasten  the  necessity  of  future  relief  for  the  Charles  River 
main  sewer  by  a  few  years. 

Extension  of  High-level  Sewer  recommended. 

The  extension  recommended  is  outlined  on  the  general  plan  and 
profile  accompanying  this  report.  The  lengths,  sizes  and  elevations 
of  the  sewer  are  set  forth  in  Table  No.  9  :  — 
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From  this  table  it  appears  that  the  extension  recommended  in- 
volves a  length  of  10  miles  of  trunk  sewer,  varying  in  size  from  7  to 
4  feet  in  diameter.  The  anticipated  volumes  of  sewage,  outlined  in 
Table  No.  7,  at  the  rate  of  inclination  recommended,  will  fill  the 
sewers  to  about  two-thirds  of  their  height.  The  minimum  inclina- 
tion or  rate  of  grade  adopted  will  produce  scouring  velocities  when 
the  sewer  is  running  one-fourth  full.  This  will  probably  be  its  con- 
dition when  constructed  and  put  into  operation. 

The  location  recommended  is  at  considerable  distance  inland  from 
the  Charles  River,  and,  as  shown  on  the  profile,  the  construction 
necessarily  involves  a  series  of  deep  excavations  where  the  sewer 
pierces  the  divides  between  brooks,  followed  by  a  series  of  shallow 
excavations  crossing  the  valleys.  Near  Oak  Square  in  Brighton, 
and  in  Vernon,  Eldredge,  Hollis,  Norwood  and  Harvard  streets  in 
Newton,  the  arch  of  the  sewer  will  approach  so  near  to  the  street 
surface  that  the  introduction  of  short  lengths  of  60-inch  cast-iron 
pipe  is  recommended.  Passing  these  locations,  it  will  be  necessary 
to  construct  short  lengths  of  small  local  lateral  sewers,  to  intercept 
house  drains  that  may  be  broken  off  by  the  Metropolitan  sewer. 

In  the  sewer  route  recommended  no  attempt  has  been  made  to 
follow  the  outline  of  the  high-level  district,  the  location  following 
generally  in  public  highways  and  along  the  shortest  and  most  direct 
line.  Two  short  branch  lines  would,  however,  be  required  in 
Brighton,  reaching  out  to  the  borders  of  the  district  to  intercept 
local  main  sewers,  as  indicated  on  the  general  map. 

Beginning  near  the  corner  of  Centre  and  Perkins  streets  in 
Jamaica  Plain,  the  construction  will  follow  westerly  through  Perkins 
Street  in  rock  tunnel  at  a  depth  of  about  70  feet  below  the  surface 
for  a  distance  of  700  feet,  where  the  construction  will  leave  the  rock 
and  enter  strata  of  wet  sand  and  gravel,  passing  the  northerly  end 
of  Jamaica  Pond.  To  secure  impermeability  to  masonry  and  main- 
tain the  present  level  of  the  water  of  the  pond,  the  sewer  will  need 
to  be  constructed  by  pneumatic  process  along  Perkins  Street, 
Jamaica  Plain,  and  Chestnut  Street,  Brookline,  for  a  distance  of 
about  4,300  feet,  to  the  corner  of  Chestnut  and  Kendall  streets  in 
Brookline,  where  rock  will  again  be  encountered.  Beyond  Chest- 
nut Street  the  route  recommended  follows  along  Kendall  and 
Cypress  streets  to  Boylston  Street  in  rock  tunnel,  for  a  distance 
of  1,500  feet.     Beyond  Boylston  Street  the  route  follows  in  earth 
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cut,  generally  in  sand  and  gravel,  at  an  average  depth  of  20  feet, 
through  Cypress  Street,  Brington  Road  and  private  land  under 
the  Boston  &  Albany  Railroad  near  the  Brookline  Hills  station, 
through  the  Brookline  playground,  to  the  comer  of  Gorham  Avenue 
and  Davis  Street ;  and  thence  through  Gorham  Avenue,  Greenough, 
Washington  and  Park  streets,  a  total  distance  of  2,975  feet.  In 
Park  Street,  near  Washington  Street,  the  size  of  the  sewer  will 
be  reduced  from  6  feet  6  inches  by  7  feet  to  6  feet  3  inches  by  6 
feet  6  inches.  The  sewer  will  continue  through  Park,  Beacon 
and  Winchester  streets  in  oi)en  cut  at  an  average  depth  of  25 
feet  to  a  point  in  Winchester  Street  near  Beacon  Street,  a  distance 
of  2,150  feet;  here  it  will  enter  earth  tunnel  about. 35  feet  below 
the  surface,  extending  through  Winchester  Street  and  private  land 
to  Columbia  Street,  a  distance  in  tunnel  of  2,125  feet.  Following 
through  Columbia  Street  in  open  cut  in  sand  and  gravel  for  a  dis- 
tance of  1,095  feet,  the  size  will  again  be  reduced  to  5  feet  9  inches 
by  6  feet  near  the  Brookline-Brighton  boundary  line. 

In  Brighton  the  route  recommended  follows  westerly  in  Columbia 
Street  and  Commonwealth  Avenue,  in  open  cut  in  sand  and  gravel 
at  a  depth  of  20  feet,  for  a  distance  of  1,255  feet  to  near  Allston 
Street.  Beyond  Allston  Street  the  construction  will  enter  rock 
tunnel  about  60  feet  below  the  surface,  extending  along  Common- 
wealth Avenue  and  Warren,  Cambridge  and  Washington  streets  for 
a  distance  of  5,100  feet  to  near  Parsons  Street;  thence  continuing 
in  Washington  Street  to  near  Lake  Street  in  earth  tunnel  at  a  depth 
of  30  feet  below  the  surface,  for  a  distance  of  1,100  feet. 

A  20-inch  by  26-inch  branch  line  in  rock  tunnel  through  Cam- 
bridge Street  from  Saunders  Street,  and  a  24-inch  by  28-inch  branch 
line  in  sand  and  gravel  open  cut  and  in  tunnel  partly  in  earth  and 
partly  in  rock  through  Market  Street  from  Mapleton  Street  will 
enter  the  main  sewer  at  Warren  and  Washington  streets,  respectively, 
reaching  out  to  the  northerly  border  of  the  high-level  district. 

Beyond  Lake  Street  the  sewer  will  be  constructed  in  open  cut  at 
a  depth  of  18  feet,  generally  in  sand  and  gravel,  for  a  distance  of 
500  feet ;  thence  continuing  in  Washington  Street  in  shallower  open 
cut  for  a  distance  of  1,200  feet,  necessitating  the  introduction  of 
60-inch  cast-iron  pipe  in  place  of  the  usual  masonry  sewer.  From 
this  section  of  iron  pipe  the  line  recommended  continues  in  open 
cut  at  an  average  depth  of  22  feet  for  a  distance  of  1,893  feet 
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through  Washington  Street  to  Oak  Square  and  through  Tremont 
Street ;  thence  partly  in  rock  and  partly  in  earth  open  cut  for  a 
distance  of  660  feet  to  the  Brighton-Newton  boundary  line,  where 
the  size  will  be  reduced  to  5  feet  bv  5  feet  3  inches. 

In  Newton  the  route  will  follow  along  Tremont  Street  in  rock 
tunnel  for  a  distance  of  2,060  feet ;  and  thence  in  earth  and  rock 
cut  for  a  distance  of  640  feet  through  Tremont,  Park  and  Vernon 
streets.  Beyond  this  point,  for  a  distance  of  1,650  feet,  60-inch 
cast-iron  pipe  will  be  introduced  in  Vernon  and  Eldredge  streets, 
private  land,  Hollis  and  Centre  streets  to  near  Mt.  Ida  Street. 
Beyond  the  iron  pipe,  for  a  distance  of  348  feet  in  Mt.  Ida  Street 
to  Newtonville  ^venue,  the  usual  masonry  sewer  will  be  constructed 
in  sand  and  gravel.  From  Newtonville  Avenue  westerly  the  sewer 
will  be  located  in  rock  tunnel  under  Mt.  Ida  at  a  maximum  depth 
of  150  feet,  largely  under  private  land  and  in  Lewis  Street  to  near 
East  Side  Parkway,  a  distance  of  2,450  feet.  Through  Cabot  Park 
the  route  will  follow  in  open  cut  at  an  average  depth  of  12  feet  for 
a  distance  of  402  feet  to  Laundry  Brook.  Beyond  the  brook  a 
section  of  60-inch  cast-iron  pipe  will  extend  for  a  distance  of  1,400 
feet  through  private  land,  Norwood  Avenue,  Harvard  Street  and 
Washington  Park ;  followed  by  a  5-foot  by  5-foot  3-inch  masonry 
sewer  at  a  depth  of  about  15  feet  through  Washington  Park  to  Wal- 
nut Street,  a  distance  of  1,390  feet.  Beyond  Washington  Park  the 
sewer  will  be  reduced  to  4  feet  3  inches  by  4  feet  6  inches,  and  will 
continue  through  Walnut  Street  and  Highland  Avenue,  Elmwood 
Avenue  and  Austin  Street  in  sand  and  gravel  at  an  average  depth 
of  14  feet,  for  a  distance  of  1,908  feet.  From  this  point  the  sewer 
will  enter  rock  tunnel  at  a  depth  of  25  feet  below  the  surface  for  a 
distance  of  1,324  feet  through  Austin  and  Mt.  Vernon  streets,  Clark 
Place  and  private  land ;  thence  in  rock  and  earth  cut  at  an  average 
depth  of  14  feet  through  private  lands  along  the  Boston  &  Albany 
Kailroad  and  Margin  Street  to  near  Putnam  Street,  a  distance  of 
3,125  feet.  From  Putnam  Street  the  route  recommended  follows 
through  Margin,  Lincoln  and  Washington  streets  in  sand  and  gravel 
cut  about  13  feet  deep  for  a  distance  of  1 ,825  feet  to  Cheesecake 
Brook  at  Auburn  Street.  The  sewer  will  cross  Cheesecake  Brook 
by  a  36-inch  cast-iron  pipe  siphon.  Beyond  the  brook  the  sewer 
will  be  reduced  in  size  to  4  feet  in  diameter,  and  will  continue  in 
Washington  Street  in  sand  and  gravel  cut  at  an  average  depth  of  16 
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feet  to  near  Greenough  Street,  a  distance  of  1,325  feet.  At  this 
point  the  sewer  will  enter  rock  tunnel  under  Washington  Street  at 
an  average  depth  of  about  50  feet  below  the  surface  and  extend  for 
a  distance  of  6,000  feet;  thence  through  an  earth  tunnel  for  a  dis- 
tance of  1,357  feet  to  the  Newton  main  sewer  in  Newton  Lower 
Falls  near  the  comer  of  Washington  Street  and  Quinobequin  Boad, 
the  end  of  the  proposed  High-level  Sewer  extension . 

Estimate  of  Cost. 

The  following  is  an  estimate  of  the  cost  of  constructing  an  exten- 
sion of  the  High-level  Sewer  from  the  corner  of  Centre  and  Perkins 
streets,  Jamaica  Plain,  over  the  route  shown  on  the  general  map  and 
outlined  in  the  foregoing  description  :  — 
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This  estimate  of  cost  is  based  upon  the  provision  that  in  the  air 
tunnels  the  masonry  sections  shall  be  of  rings  of  Portland  brickwork 
8  inches  and  12  inches  in  thickness ;  that  the  arches  of  the  rock  tun- 
nels shall  be  lined  with  Portland  concrete,  and  the  inverts  shall  be 
paved  with  a  4-inch  lining  of  Portland  brickwork,  reinforced  with 
Portland  concrete  ;  that  in  the  rock  and  earth  sections  in  the  open 
cut  trenches  the  arches  shall  be  of  brick,  laid  in  Rosendale  cement 
in  dry  ground  and  in  Portland  cement  where  water  is  encountered^ 
and  the  inverts  shall  be  lined  with  4  inches  of  Portland  brickwork, 
reinforced  with  Portland  concrete ;  and  that  the  cast-iron  pipe  sec- 
tions shall  be  entirely  surrounded  by  Portland  concrete. 

From  the  foregoing  table  it  appears  that  the  construction  of  the 
proposed  extension  from  the  junction  with  the  High-level  Sewer 
near  the  comer  of  Centre  and  Perkins  streets,  Jamaica  Plain,  to  Oak 
Square  in  Brighton,  the  part  which  is  needed  at  the  earlier  date,  is 
estimated  to  cost  $1,168,928  ;  that  the  construction  of  the  remainder 
of  the  sewer,  from  Oak  Square  to  the  end  at  Newton  Lower  Falls, 
is  estimated  to  cost  $720,978  ;  and  that  the  cost  of  the  entire  exten- 
sion over  the  route  recommended  is  estimated  at  $1,889,906. 

Respectfully  submitted, 

WM.   M.  BROWN, 

Engineer  Sewerage  Works. 
Boston,  January  1, 1905. 
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Appendix  No.   1. 


Contracts  made  and  pending  during 

Contracts  relating  to  the 

[Nora.— The  detaUa  of  oootraeti  made  before 


1. 

Nam- 

ber 

of  Oon- 

traet. 

a. 

WORK. 

1 

S. 

Num- 
ber of 
Bids. 

AxouHT  OF  Bid. 

«. 

4. 

Next  to  Low- 
est. 

5. 

Lowest. 

Contractor. 

1 

2 
8 

4 

6 

210t 
267 

264t 
208t 

277t 

EzoaTatlng  soil, . 

Bzoavatlng  aotl, . 

Areh  bridges  and    abut- 
menu. 

Pladng  riprap  on  tbe  west- 
erly portion  of  the  North 
Dike. 

Masonry  areh  bridge.  West 
Boylston,  Mass. 

Total.     .... 

8 

8 
8 

-J 
8 

•8n,880  00 

440,800  00 

42,470  00 

-t 
14,820  00 

$800,870  00* 

414,987  60* 

87,886  00* 

-t 
12,888  00* 

Newell  &  BnowHngCon- 
Btractlon  Company. 

Bruno,   Salomons   ft 
Petlttl. 

The  George  M.  Atkins 
Company. 

The  MoArthur  Brothers 
Company. 

F.  A.  McCsuHff,  Flteb. 
burg,  Mass. 

Contracts  relating  to  the 


0 

106 

7 

246 

8 

268t 

9 

276t 

10 

276t 

11 

278t 

12 

279t 

Waehnsett  Dam, 

Section  2  of  relocation  of 
Central  Massachuietts 
Railroad  (eztenslon  of 
Contract  No.  106). 

Slnlee  ▼alyes  for  Wachn* 
sett  Dam. 

South  Dike  of  Waehnsett 
Reserrolr. 

Bnperstmotnre  of  lower 
gate<chamber  of  Waehn- 
sett Dam. 

Bronze  grooyes  for  Waehn- 
sett Dam. 


Valves  for  Waehnsett 
Dam;  4  86-lnoh,  1  20- 
Inch,  1 12.1nch.  1 10-lnch. 


11 

-t 

-t 

4 

7 

-t 


$1,680,870  00 

't 

-t 
124,286  00 

78,668  00 
2,846  00 


$1,008,686  00* 

-t 

7,887  00 

118,670  00* 

72,696  00* 

8,691  00 
2,817  67* 


MoArthnr    Brothers 
Company. 

MeArthnr    Brothers 
Company. 


Cof&n  Valve  Company, 

John  F.  Magee  8c  Co.,   . 

Connery  fc  Wentworth, 
Boston,  Mass. 

The  Wm.  Crainp  8fe  Sons 
Ship  and  Engine 
Bolldlng  Company, 
Philadelphia,  Pa. 

Chapman  Valve  Mann> 
factoring  Company, 
Indian  Ordiard,  Mass. 


*  Contract  based  npon  this  bid.  f  Contraet  completed. 

X  Competitive  bids  were  not  received  on  this  contract. 
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THE  Year  1904  —  Water  Works. 
Reservoir  Department. 


1004  have  been  glyen  In  previous  reports.] 

7. 

Date 
of  Contract. 

8. 

Date  of 

Conopletlon  of 

work. 

Prices  of  Principal  Items  of 
Contracts  made  In  1004. 

10. 

Value  of 

Work  done 

Dec.  81, 1904. 

Aug.   1,  *01. 
Deo.  27,  '02. 
April  16, '08, 
May  16, '08, 

June  38,  '04, 

Nov.  28,  '04, 

Deo.,  28, '03, 
Nov.  18,  '04, 

Sept.  28,  '04, 

For  Portland  cement  concrete  masonry,  $5.76  per 
en.  yd.;  ashlar  masonry,  $16  per  on.  yd. 

•806,002  50 

460,000  00 

88,628  22 

51,017  50 

12,800  65 

1 
2 
8 

4 

5 

$947,447  87 

Dam  and  Aqueduct  Department. 


Oct.  1,  '00, 
April  18,  '02, 

April  80, '08. 
Deo.  26,  '08, 
Mar.  18,  '04, 

May  25,  '04, 


Jnly  16,  '04, 


April  7,*04, 
Dec.  8,  '04, 
Deo.  22, '04, 

Aug.    8, '04, 


Dec.  16, '04, 


For  whole  work,  $72,595, 


For  whole  work,  $8,601, 


For  whole  work,  $2,817.67, 


$1,464,840  00 
256,489  84 


7,887  00 

189,411  04 

72,987  84 


8,691  00 


2,817  67 


8 


9 


10 


11 


12 
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Contracts  hade  and  pending  during  the 

Contracts  relating  to  the 


1. 

Num- 
ber 
of  Con- 
tract. 

a. 

WORK. 

S. 

Nom. 
berof 
Bide. 

AxouHT  OF  Bid. 

•• 

4. 

Next  to  Low- 
est. 

5. 

Lowest. 

Gontraotor. 

1 

2 

280t 
281t 

34J40     Iba.    eaeanga    for 
Weohasett  Dam. 

76,046    lbs.     OMtiBga    for 
Wachaaett  Dam. 

Total 

6 

6 

.  1 

$1,846  17 
2,5M  80 

$1,216  90* 
2,481  46* 

Davis  &  Fanam  ICano- 
facturlog     Company, 
1     Waltham,  Mass. 

1  Gibby    Foondry    Com- 
pany, Boston,  Mass. 

1 

■         '         '                        '\ 

Contracts  relating  to  the 


3 
4 


6 

1 

208t 

6 

904t 

7 

206t 

8 

211t 

9 

212t 

10 

2181 

11 

218t 

12 

210t 

18 

220f 

14 

267t 

16 

271t 

1091  I  Section  2,  Weston  Aqae- 
dact. 

200t  I  Section  8,^  Weston  Aqne- 
duet. 

Section  6,  Weston  Aqne- 
dact. 

Section  12,  Weston  Aqne- 
duct. 

Section  18,  Weston  Aqne- 
dnot. 


Sections  8  and  10,  Weston 
Aqnednot. 

Section  11,  Weston  Aqne- 
dnct. 

Section  16,  Weston  Aqne- 
dnct. 

Section  14,  Weston  Aqne- 
dnct. 

Section  1  of  the  Weston 
Reservoir. 

Section  2  of  the  Weston 
Reservoir. 

Superstrnctnres  of  channel, 
and  screen  chambers  of 
the  Weston  Aqnednct. 

Saperstmotnres  of  head 
and  meter  chambers  of 
the  Weston  Aqnednct. 


Total, 


8 

9 

14 

16 

9 

11 

10 

6 

10 

11 

9 

7 


$284,681  60 
181,226  10 
121,497  00 
189,197  60 
864,884  00 

166,608  80 
167,270  00 
197,666  00 
68,864  00 
64,971  26 
90,162  60 
12,476  00* 

12,826  00 


$200,477  00* 
127,607  60* 
120,646  60* 
184,096  60* 
846,290  00* 

146,189  00* 

148,686  00* 

171,646  00* 

68,490  00* 

69,687  60* 

88,202  60* 

9,160  60 

10,804  00* 


Shanahan,   Caaparls    & 
Co. 

Shanahan,  Oaaparis    It 
Co. 

Shanahan,   Caaparis   & 
Co. 

Shanahan,  Caspaiia   k 
Co. 

Michael  H.  Keefe,  as- 
signed  on  Oct.  12. 1901, 
to  Columbus  Con 
atmction  Company. 

Winaton  &  Co., 


Winston  &  Co., 
Winston  ft  Co., 
Nawn  ft  Brock, 
Nawn  &  Brock, 
Nawn  ft  Brook, 


Woodbury  &  Leightos 
Company. 

C.  A.  Dodge   ft  Com- 
pany. 


Contracts  relating  to  the 


16 


286tl  Laying  water  pipes  in  New.  6 

i     ton. 


ToUl, 


$68,121  76 


$60,976  00* 


D.  F.  0*Connell,    . 


*  Contract  based  upon  this  bid. 


t  Contract  completed. 
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Year  1904 —  Water  Wobxa  ^  CofUinued. 
Dam  and  Aqueduct  Department  —  Condaded. 


7. 

Date 
of  CoDtraot. 


8. 

Date  of 

OompletloD  of 

Work. 


Prioea  of  Prinoipal  Itema  of 
Gontraou  made  Id  1904. 


Value  of 

Work  done 

Dee.  81, 1904. 


Aug.  12, '04, 


Aag.  12,  *04, 


Dee.  20,*04, 


Dee.  81, '04, 


For  all  caetinga,  $0,086  per  lb.. 


For  all  easUnga,  $0.0816  per  lb., 


$1,218  97 


2,886  68 


$1,940,806  99 


Weston  Aqueduct  D^artm^ent. 


May  9,  *01, 
May  9,  '01, 
May  9, '01, 
May^  9,  '01, 
May  SO,  '01, 

Aug.  28,  '01, 
Aug.  28,  *01, 
Aug.  28,  '01, 
Not.  26.  '01, 
Not.  26,  *01, 
Not.  26,  *01, 
Jane   4,  '08, 

Jaly    6, '08, 


Oet.  9,  '08, 
Oct.  9,  '08, 
Bept.  26,  '08, 
Oet.  7,  '08, 
Nov.  11.  '08, 

Nov.  21,  '08, 
Nov.  14,  '08, 
Not.  28,  '08, 
May  20, '04, 
May  20, '04. 
May  20, '04, 
April  8, '04, 

Nov.  28,  *08, 


$206,169  64 
181.062  48 
116,641  81 
142,021  66 
417,262  64 

160,101  n 

160,892  60 

188.874  68 

69.449  04 

68,778  88 

128,970  70 

12,484  76 

10,804  00 


8 

4 
6 
6 
7 


10 


11 


12 


18 


14 


16 


$1,776,998  28 


DUtribution  Department. 


April  7,  '02, 


April  21,  >08, 


$71,287  87 


$71,287  87 


16 
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Contracts  made  andpendiko  durinq  the  Year  1904— Water  Works — 

Concluded, 

Sammary  of  Contracts.* 


Valaeof  Work 

done  Deoem- 

ber  81, 1004. 


WaehQMtt  RoMrvoir,  6  ooDtnusta, 

Reloeatloo  of  Oeotrml  MuaaohiiMtto  Railroad,  1  oontraet, 

Waehaaett  Dam,  7  oontraeta 

Weston  Aqnedaot  and  Raeenrolr,  18  eontraots, 

Diatribntion  Department,  1  oontraet 

Total  of  28  oontraota  made  and  pending  daring  the  jear  1004,     .       .       .       .       , 
348  oontraeta  completed  from  1806  to  1003,  Indnaive, 

Dednct  for  work  done  on  11  Badbnry  Reservoir  oontraeta  by  the  city  of  Boston,  . 
Total  of  287  contracU 

*  In  this  sammary,  contracts  charged  to  maintenance  are  ezolnded. 


$1,088,868  01 

268,480  S4 

1,544,058  61 

1,775,008  28 

71,287  87 


$4,785,538  01 
10,585,722  64 


$15,261,260  65 
512,000  00 


$14,740,260  65 
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CflMENT  Tests  —  Water  Works. 

The  following  tables  coDtain :  — 

1.  Long-time  tests  of  natural  cements  used  by  the  Dam  and  Aqaeduct, 
and  Reservoir  departments  daring  the  years  1896  to  1900,  inclusive. 

2.  Long-time  tests  of  Portland  cements  used  by  the  Dam  and  Aqueduct, 
and  Reservoir  departments  during  the  years  1896  to  1900,  inclusive. 

3.  Tests  of  cements  used  in  the  construction  of  the  Wachusett  Dam  and 
other  works  at  the  Wachusett  Reservoir  during  the  years  1901  to  1904, 
inclusive. 

4.  Tests  of  cements  used  in  the  construction  of  the  Weston  Aqueduct 
during'the  years  1901  to  1903,  inclusive. 

The  methods  of  testing  were  the  same  as  described  in  Appendix  No.  3 
of  the  annual  report  of  the  year  1897. 
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Summary  of  Testa  of  All  Brands  of  Natural   Cement,  of  which  Nine 

Aqueduct  and  Reservoir  Departments 


8 


BRAND. 


Bmeh, 


Hoffmfto, 


Norton  I 


Union, 


Totol, 


Namber 

of  Barrels 

used. 


Compoaltlon 

of 

Briqaetto. 


8,880 


46pS46 


00,87T 


000 


115,602 


Neat. 
Itol, 
Neati 
Itol, 

JNea^ 

(Itol. 

(Neat. 

(Itol. 


Neat, 
Itol. 


TXXBILI  Strxngth. 


TWO  TXAB8. 


Number  of 
Brlqaettea. 


64 
81 
106 
106 
60 
60 
22 


282 
282 


Ponnds  per 
Bqaare  Inch. 


467 
316 
467 
827 
440 
296 
400 
670 


466 


Summitry  of  Testa  of  AU  Brands  of  Portland  Cement,  of  tohich  Nine 

Aqueduct  and  Eeaervoir  Departmenta 


8 


6 


BRAND. 


Atlaa, 


B  rooke-Shoobrldge. 


■  ■ 


Giant, 


Iron  Olad, 


West  Kent. 


Total, 


Number 

of  Barrels 

used. 


Composition 

of 

Briquette. 


Stettln-Glrstow 


18,600 


6,706 


16,804 


7,778 


070 


8,804 


61,760 


!Neat, 
2tol. 
fNeat, 
(2tol, 
rNeat, 
(2tol, 
Neat, 
2tol, 
Neat, 
2tol, 
Neat, 
2tol, 


Neat, 
2tol, 


Tensqje  Btbxngth. 


IIOHmir  XOHTB8. 


Number  of 
Briquettes. 


65 

65 

5 

5 

65 

55 

34 

84 

8 

8 

10 

10 


186 

186 


Pounds  per 
Square  Inch. 


848 
324 
674 
521 
508 
426 
760 
SBo 
665 
870 
586 
522 


721 
805 
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Hundred  Barrels  or  More  toere  used  on  Construction  Work  by  the  Dam  and 
from  1896  to  1900,  inclusive. 


Tbnbilx  Strbnoth— Concluded 

1. 

THBBB 

TSAB8. 

riTE  TBABS. 

BXYBN  AND  OKB-HALF  TBAB8. 

Number  of 
Briquettes. 

Pounds  per 
Square  Inch. 

Number  of 
Briquettes. 

Pounds  per 
Square  Inch. 

Number  of 
Briquettes. 

Pounds  per 
Square  Inch. 

50 

482 

28 

506 

10 

462 

1- 

50 

840 

24 

860 

10 

420 

01 

405 

51 

514 

10 

468 

!• 

01 

847 

51 

864 

10 

357 

54 

456 

28 

470 

8 

452 

!• 

54 

814 

27 

825 

8 

871 

10 

474 

4 

476 

8 

485 

1' 

10 

617 

4 

576 

8 

551 

S05 

480 

100 

501 

26 

465 

205 

852 

106 

868 

26 

405 

Hundred  Barrels  or  More  were  used  on  Construction  Work  by  the  Dam  and 
from  1896  to  1900,  Inclusive. 






Tbkbile  Strbnoth  —  Concluded . 

TWO  TBABS. 

THBBE 

YBAB8. 

FITB  TBABS. 

'        SEYBN  AND  ONB- 
1            HALT  TBABS. 

Number 

Pounds 

Number 

Pounds 

Number 

Pounds 

!    Number 

Pounds 

of 
Briquettea. 

per  Square 
Inch. 

of 
Briquettes. 

per  Square 
Inch. 

of 
Briquettea. 

per  Square 
Inon. 

of 
'  Briquettes. 

per  Square 
Inch. 

80 

818 

64 

814 

88 

704 

7 

1,034 

jl 

80 

825 

64 

386 

88 

807 

7 

405 

55 

702 

58 

606 

80 

608 

18 

672 

[2 

55 

447 

58 

440 

80 

448 

18 

448 

55 

622 

45 

618 

24 

688 

2 

721 

|8 

55 

422 

45 

414 

24 

401 

2 

407 

34 

800 

26 

826 

18 

888 

2 

608 

|4 

84 

804 

26 

878 

18 

860 

2 

878 

51 

714 

42 

700 

22 

005 

10 

684 

|5 

58 

340 

42 

832 

21 

800 

10 

363 

50 

580 

51 

570 

20 

562 

17 

548 

|6 

50 

484 

51 

424 

20 

801 

17 

400 

384 

707 

'  281 

701 

161 

702 

51 

686 

386 

880 

281 

380 

157 

865 

51 

424 
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Summary  of  Tests  of  Cement  used  in  the  Construction  of  the  WachuseU  Dam 


I 

2 
8 
4 
6 
6 
7 
8 
0 
10 
11 


12 


BRAND. 


NnxBBB  or 
Barrels 

1I0SD. 


a 


Portland  cement :  - 
Alpha,  . 

Alaen,  . 

Atlaa,    . 

CaUklU, 

Giant,   . 

Helderberg, . 

Iron  Clad,     . 

Lehigh, 

Bur, 

Btettln.aintow, 

Whitehall,    . 

Total,  . 

Natural  cement :  ~ 
Union,  . 


160 

226 

8,064 

62,660 

SOO 

4,260 

4,140 


160 


74,848 


176,060 


401 

866 
8,768 

806 
66.641 

212 

4,640 

10,788 

1,200 

2,200 

160 


80,600 


176,060 


i 

0 

•z 


o 

a 
o 


a 

E 

o 


Neat,. 

2tol, . 

Neat,. 

2tol,. 

Neat,. 

2to],. 

Neat, . 

2tol, . 

Neat, . 

2tol,. 
(Neat,. 
J2tol,. 
i  Neat, . 
f2tol.. 
(Neat,; 

latoi,. 

\  Neat,. 
i2tol,. 
i  Neat, . 
l2tol,. 

(Neat,. 
f2tol,. 


Neat,. 
2tol,. 


fNeat, 
Itol, 
2tol, 


FiNSirBBfl. 


as  S 
o  8§ 


M  I 

3 


§•2 

s  « 

fiS  8 

lis 


5^\ 


m 
s 


Sqq  « 
So^S 

^4 


.4 
.4 

.2 
.4 
.6 
.2 
.1 
.1 
.6 
.7 
.8 


1.8 


1.0 


10.0 
11.2 
0.0 
7.0 
0.6 
6.0 
4T2 
872 
0.8 
8.8 
8.8 


10.7 


6.8 


28.6 
26.4 
22.4 
22.8 
28.0 
10.0 
17.1 
22.0 
24T4 
21.8 
27.6 

28.5 
18.7 


WXRX 
TB8T8. 


s 

s 

5^ 

s^l 

^2 

S>.i 

«•& 

«► 

ISS 

55 

• 

i 

« 

•* 

*« 

a 

8 

a 

a 

S 

^ 

158 

847 

. 

816 

116 

201 

— 

806 

118 

864 

— 

287 

180 

800 

. 

208 

188 

870 

• 

878 

178 

480 

. 

460 

86 

304 

~. 

298 

217 

484 

. 

481 

164 

886 

-. 

856 

62 

178 

• 

351 

180 

860 

— 

460 

142 

380 

- 

881 

66 

138 

67 

112 

~ 

"  1 

TR1I8IX.B 

Btbrxotr. 


OXX  DAT. 


47 

81 

207 

10 

8,810 


61 

262 

20 


6. 


6. 


6n 

476 


383 


681 
601 
«T7 
736 


674 
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Summary  of  Tests  of  Cements  iLsed  in  the  Construction 


Portland  cement :  — 

■ 

1 

18 

Atlaa,    . 

- 

01,876 

Neat, . 
2tol,. 

.2 

0.4 

20.0 

68 

331 

417 

4,366 

423 

14 

Giant,   . 

- 

7,668 

Neat,, 
i    2tol,. 

.8 

0.6 

20.7 

60 

808 
366 

4S0 

420 

16 

Baylor's, 

- 

2,200 

Neat,. 
2tol,. 

.2 

6.2 

18.0 

161 

470 
644 

;    127 

214 

16 

Lehigh, 
Total,  . 

- 

5,160 

Neat,. 
2tol,. 

.1 

0.7 

0.4 

20.8 

184 
66 

844 

615 

883 
490 

1    207 

1        " 

874 

- 

106,888 

Neat.. 
2tol,. 

.2 

20.0 

5,120 

416 

Natural  cement :  — 

1 

17 

Hoffman, 

- 

08,847 

Neat, . 
Itol,. 

l.l 

6.8 

M 

27 
26 

61 
63 

4,486 

138 

18 

Union,  . 

Total, 

* 

- 

14,788 

Neat,. 
\  Itol,. 

\  Neat, . 
Mtol..| 

1.0 

6.8 

18.1 

40 
27 

20 
26 

00 
78 

65 
64 

832 

167 

118,085 

1.1 

6.8 

— 

6,817 
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and  Other   Works  at  the    Wachuaett  Reservoir^  1901  to  1904^  IndvLsive. 


8STEN 
DATS. 


47 

47 

82 

82 

906 

207 

lu 

10 

3,760 

8,814 

23 

28 

218 

218 

960 

969 

61 

61 

261 

260 

20 

20 

6,667 
6,631 


6,684 
6,664 
1,360 


1,021 
474 
776 
873 
887 
884 
866 
803 
860 
403 
843 
801 
700 
408 
871 
896 
927 
483 
476 
281 
946 
484 


839 
896 


226 
185 
116 


Tbnsilb  Btbbngth  —  Concluded. 


TWENTY- 

EIGHT  DATB. 

• 

• 

9 

o 

**S 

^  a 

o  o 

VM 

%k 

If 

9 

%s 

^ 

^ 

6 

1,086 

6 

428 

16 

763 

16 

488 

167 

848 

167 

460 

10 

903 

10 

477 

3,688 

887 

8,686 

460 

88 

988 

38 

409 

S81 

712 

222 

461 

691 

879 

691 

499 

28 

934 

28 

428 

261 

688 

262 

878 

13 

970 

18 

478 

4,857 

869 

4,862 

462 

2,648 

298 

2,640 

278 

1,307 

197 

THBSB 
MONTHS. 


log 

<  am 

I  9 


6 
6 
5 
6 
30 
80 


890 

290 

6 

6 

26 

86 

20 

30 


16 

16 

6 

6 


890 
390 


346 
846 
276 


XX 

c 

u  a 


OD 


SIX 
MONTHS . 


%-z 

S« 

9 


.a 
u  a 


CD 


1,029 
445 
761 
413 
801 
444 


864 
466 
906 
877 
714 
474 
897 
447 


697 
448 
996 
474 

845 
453 


368 
411 
290 


6 
6 
5 
5 
20 
20 


286 

286 

6 

6 

36 

26 

16 

16 


16 

16 

6 

6 


380 
380 


310 
810 
280 


1,091 
405 
884 
447 
848 
446 


898 
460 
881 
880 
788 
486 
907 
481 


664 
496 
971 
446 


882 
468 


405 
490 
882] 


NINE 
MONTHS. 


9 

25 


u  □ 
0.0 


5.1 


OD 


5 
5 
5 
6 
20 
30 


386 

366 

6 

6 

36 
25 
15 
16 


15 

15 

6 

6 


880 
860 


1,068 
452 
723 
380 
823 
459 


879 
445 
872 
402 
769 
497 
927 
426 


ONE 
TEAR. 


2§ 

ePQ 

9 


(.  a 

Oi.9 


SOD 
0* 


5 
6 
6 
6 
20 
20 


216 

210 

6 

6 

36 

26 

16 

16 


16 

16 

6 

6 


810 
806 


2S0 
170 


1,016 
406 
813 
893 
899 
422 


893 
485 
897 
386 
807 
488 
898 
466 


700 

486 

1,047 

862 


881 
489 


437 
663 
421 


EIGHTEEN' 
MONTHS. 


9 


TWO 
TEARS. 


ft.  9 

•  •-< 


§« 


5 
6 
6 
6 
30 
80 


190 

190 

6 

5 

36 

36 

6 

6 


16 
16 


370 
370 


1,029 
840 
825 
881 
873 
404 


Oil 
409 

•  870 
889 
885 
605 

1,074 
436 


728 
481 


899 
419 


En 

9 


V 

b  9 

9-* 

o.« 


§DD 


5 
6 
6 
5 

15 
15 


146 

146 

6 

6 

86 

26 

5 

6 


206 
206 


160 

160 

94 


1,084 
320 
824 
882 
833 
803 


881 
408 
896 
372 
861 
604 
1,060 
447 


881 
416 


484 
624 
461 


THREE 
TEARS. 


s 

9 


ft.  c 


35* 

04 


100 
100 


100 
100 


65 
65 


920 
877 


920 
877 


600 
660 


8 


8 


10 
11 


13 


of  the  Weston  Aqueduct^  1901  to  1904 j  Indtisive. 


4,846 

664 

3,366 

718 

490 

745 

275 

757 

188 

760 

93 

741 

89 

832 

9 

876 

13 

4,169 

284 

3,141 

401 

523 

470 

201 

446 

- 

- 

191 

402 

90 

405 

58 

898 

10 

406 

481 

659 

338 

707 

98 

762 

82 

764 

. 

- 

66 

769 

35 

808, 

12 

835 

> 

- 

jl4 

405 

823, 

268 

402 

102 

4821 

89 

476 

- 

. 

91 

449 

33 

483 

16 

436 

. 

. 

130 

719' 

104 

792 

78 

780: 

85 

880 

. 

. 

66 

822 

34 

830 

29 

848 

. 

. 

(l5 

127 

2691 

103 

398 

67 

410' 

78 

897 

- 

^ 

61 

350 

24 

440 

88 

340 

- 

- 

210 

689, 

169 

780 

64 

744 

49 

765 

— 

— 

48 

769 

20 

827 

10 

971 

— 

. 

jl6 

1 

208 

814I 

166 

465 

68 

491 

49 

490 

- 

- 

50 

418 

30 

433 

10 

484 

- 

- 

6,117 

664 

2.767 

721 

725 

750 

491 

772 

• 

. 

362 

767 

172 

778 

90 

858 

9 

876 

4,009 

288 

8,678 

403 

760 

468 

507 

448 

- 

— 

393 

418 

157 

419 

121 

888 

10 

406 

4,474 

164 

2,669 

263 

220 

320 

159 

865 

^ 

. 

186 

860 

92 

880 

68 

869 

5 

840 

!" 

4,415 

128{ 

2,586 

242 

217 

835 

168 

883 

> 

- 

146 

856 

99 

340 

61 

333 

6 

306 

833 

305' 

409 

269 

68 

812 

52 

•866 

— 

. 

82 

894 

26 

402 

1  1^ 

404 

~ 

- 

No 

883 

174 

481 

346 

69 
283 

345 
818 

51 
311 

895 
366 





80 
218 

467 
357 

20 
117 

601 
378 

15 
78 

541 
876' 

5 

340 

j*« 

5,807 

170 

2,978 

365 

6,248 

186' 

1 

8,017 

342 

286 

838 

319 

886 

~ 

■■ 

176 

874 

119 

874 

66 

880 

6  306 

210 
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Table  No.  2 

.  —  Rainfall  in 

i  Inches  at  Jefferson^  Mass.^ 

in  1904. 

DAT  or  Month. 

• 

cs 
a 
a 
« 

• 

« 
e 

1 

• 

s 

m 

< 

• 

• 

• 

9 

a 

9 

• 

IS 

9 
< 

- "   « 

ft. 

J§ 

S 
« 

.1 

o 

O 

• 

ft. 

e 

> 

1 

• 

ft. 

z 

s 

J 

ii     •       •       •       •       • 

- 

- 

0.67t 

o.oot 

- 

- 

0.60 

* 

1 
1    _ 

- 

- 

2. 

* 

- 

- 

- 

- 

* 

0.10 

0.64 

0.04  '    - 

- 

- 

8. 

0.86t 

- 

0.76t 

- 

- 

0.62 

- 

- 

1 
1 

- 

- 

4. 

- 

- 

- 

- 

- 

- 

- 

- 

1 

- 

- 

6,      . 

- 

- 

- 

- 

- 

0.12 

2.03 

«» 

* 

- 

0.12t 

«.      . 

■• 

O.SOf 

- 

- 

- 

* 

- 

- 

0.22 

- 

- 

7,      . 

- 

0.18 

* 

0.86 

- 

1.28 

- 

- 

1    " 

- 

- 

8, 

* 

- 

1.00 

- 

- 

- 

- 

0.27 

♦         0.08 

- 

o.ost 

«, 

O.SOf 

- 

- 

* 

o.es 

- 

- 

- 

• 

- 

- 

10. 

- 

- 

- 

1.21 

* 

- 

- 

• 

0.87  !    - 

f 

- 

- 

11.      . 

- 

- 

- 

- 

0.26 

- 

- 

0.02 

- 

- 

12.      . 

- 

- 

- 

0.21 

- 

- 

- 

- 

- 

0.40 

- 

* 

18. 

0.86t 

- 

- 

- 

- 

- 

0.06 

- 

- 

- 

* 

0.60t 

14, 

- 

* 

- 

- 

* 

- 

- 

0.11 

* 

- 

1.80t 

- 

16.      . 

- 

0.28t 

0.06t 

- 

0.16 

- 

- 

- 

4.00 

- 

- 

- 

16. 

0.21t 

- 

- 

0.36t 

- 

0.07 

- 

- 

- 

- 

- 

- 

17.      . 

- 

- 

- 

- 

* 

- 

- 

- 

- 

- 

- 

* 

18. 

- 

- 

0.38t 

- 

* 

- 

0.76 

- 

- 

- 

- 

0.38t 

18. 

- 

o.aof 

«r 

0.06t 

0.68 

- 

- 

- 

- 

- 

- 

- 

20, 

0.16t 

- 

0.16 

- 

0.26 

- 

- 

1.70 

- 

- 

- 

- 

21. 

• 

- 

- 

- 

- 

- 

- 

- 

- 

I.IO 

- 

0.04t 

22, 

«r 

1.00 

* 

- 

- 

- 

* 

- 

- 

0.06 

- 

- 

28. 

l.25t 

- 

0.16 

- 

- 

- 

* 

- 

- 

- 

- 

- 

24. 

- 

0.88t 

- 

- 

- 

- 

* 

- 

0.28 

- 

- 

- 

26.      . 

- 

- 

- 

0.07 

0.08 

0.09 

0.76 

- 

- 

- 

- 

0.16t 

28. 

0.68t 

- 

- 

« 

0.52 

- 

- 

- 

0.18 

0.07 

- 

* 

27.      . 

- 

- 

- 

♦ 

0.60 

- 

- 

- 

- 

- 

O.OSf 

* 

28.      . 

- 

0.23t 

- 

* 

- 

- 

- 

- 

- 

- 

- 

1.76$ 

20. 

• 

0.28t 

«» 

4.07 

- 

« 

0.66 

- 

0.78 

- 

* 

- 

80,      . 

0.24t 

- 

- 

0.04 

0.82 

1.70 

- 

- 

0.18 

- 

0.26 

- 

81.      . 

- 

- 

0.46t 

- 

- 

8.78 

- 

- 

- 

- 

- 

- 

T< 

>tal. 

4.63 

2.80 

3.60 

7.26 

8.48 

4.76 

8.64 

6.72 

1.02 

1.68 

2.98 

Total  for  the  year,  46.70  inches. 
*  Rainfall  indnded  in  that  of  following  day.  f  Snow. 


t  Rain  and  snow. 
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Table  No. 

8.- 

—  Raivfall  in  Inches  al  Framingham^ , 

Mass 

.,  in 

1904. 

Day  ov  Month. 

9 

a 
si 

• 

3 
k 

• 

• 

i 

• 

« 

• 
e 

• 

a 

i 

Ml 

P 
< 

a 

flL 

« 

m 

• 

•    >    . 

St     ■     ^ 

1    i   •§ 
g        S 
t        S 

o           w 

&5     1    O 

1|     •       ■       •       •       • 

- 

0.16t 

0.08 

0.01 

^ 

0.04 

* 

- 

^ 

** 

2.      . 

* 

- 

- 

- 

- 

* 

0.02 

0.86 

- 

- 

- 

- 

8,      . 

1.261 

- 

0.40t 

- 

- 

0.81 

- 

- 

- 

- 

- 

4.      . 

- 

- 

- 

- 

- 

- 

- 

0.02 

- 

- 

- 

5, 

- 

• 

- 

- 

- 

«. 

0.48 

0.02 

- 

* 

- 

0.19t 

«.      . 

- 

0.88t 

- 

- 

- 

• 

0.10 

- 

- 

0.16 

- 

- 

T,      . 

- 

0.06 

0.70 

0.18 

- 

0.67 

- 

- 

- 

^ 

- 

8.      . 

« 

- 

- 

* 

- 

0.07 

- 

0.44 

0.29 

• 

- 

o.ost 

«,      . 

o.oot 

- 

- 

0.60 

0.88 

- 

- 

- 

.0.06 

0.02 

0.02t 

- 

10.      , 

- 

- 

- 

1.22 

0.06 

- 

- 

0.46 

0.08 

- 

- 

11.      . 

- 

- 

- 

* 

- 

- 

- 

0.00 

• 

0.04 

- 

- 

w.    . 

- 

- 

- 

0.28 

- 

- 

- 

- 

0.60 

* 

- 

m 

18, 

0.«6t 

- 

- 

- 

- 

- 

0.16 

0.04 

- 

0.60 

1.66t 

0.4St 

14,      , 

- 

* 

- 

- 

- 

- 

- 

0.28 

* 

- 

«» 

- 

16,      . 

- 

0.60t 

O.lSf 

• 

0.82 

- 

- 

- 

8.66 

- 

- 

- 

18,      . 

0.09t 

- 

- 

0.40t 

- 

- 

0.06 

0.18 

- 

- 

- 

- 

IT, 

- 

- 

- 

- 

- 

- 

- 

0.01 

- 

- 

- 

• 

18. 

- 

- 

0.41t 

- 

0.86 

- 

- 

- 

- 

- 

- 

0.47t 

1«, 

- 

0.20t 

0.07 

o.ut 

0.27 

- 

• 

* 

- 

- 

- 

- 

20, 

o.oet 

- 

- 

O.OSf 

0.02 

- 

1.10 

- 

* 

0.08 

- 

21. 

* 

« 

- 

- 

- 

0.41 

- 

- 

0.62 

- 

- 

22. 

* 

0.84 

o.oit 

- 

- 

- 

• 

- 

- 

- 

- 

1 

23, 

1.04t 

- 

0.20 

1 

0.02 

- 

* 

- 

'     ~      1    ~ 

24. 

- 

0.86t 

-      1  0.08 

- 

- 

* 

- 

0.14 

- 

1 
-      1    - 

28, 

- 

- 

1 

0.02 

0.82 

0.64 

- 

- 

- 

- 

• 

28. 

0.67: 

- 

* 

0.03 

- 

0.64 

- 

0.06 

0.14 

- 

0.12t 

27, 

1 

1    _ 

1 

1 

- 

- 

* 

0.26 

- 

- 

- 

- 

- 

0.04t 

• 

28, 

0.16 

- 

* 

- 

- 

- 

- 

- 

- 

- 

1.T8 

29, 

0.22t 

0.61t 

- 

4.88 

- 

- 

0.17 

- 

o.n 

- 

0.00 

- 

80, 

- 

- 

- 

0.02 

0.18 

1.02 

- 

- 

0.04 

- 

- 

81. 

0.02 

- 

0.881 

- 

- 

- 

- 

- 

- 

- 

- 

- 

T( 

otal, 

4.70 

8.00 

2.6B 

8.78 

2.44 

2.70 

2.14 

3.41 

6.64 

1.61 

1.7S     2.96 

Total  for  the  year,  41.70  inebet. 
*  Rainfall  included  In  that  of  following  day.  f  Snow. 


t  Rain  and  anow. 
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Tablb  No.  4. — Rainfall  in  Inches  at  Chestnut  HiU  Beservoir  in  1904. 


Datb. 


c 

9 
O 

a 


ft* 

o 


U 


e 
OD 


Jan.  2, 

Jan.  8, 

Jan.  8, 

Jan.  0, 

Jan.  12, 

Jan.  18, 

Jan.  16, 

Jan.  20, 

Jan.  21, 

Jan.  22, 

Jan.  28, 

Jan.  26, 

Jan.  29, 

Total, 


1.16  Snow. 


1.09 

0.08 
1.18 

0.09 
0.08 

1.04 

0.10 
0.73 

0.16 


6.64 


Snow. 

Snow. 
Snow  and 

rain. 
Snow. 
Snow. 
Snow  and 

rain. 
Rain. 
Bain  and 

■now. 
Snow. 


Daratlon. 


7.10  A.H, 
2J80  P.M. 
7.00  A.if . 

11.00  AM. 

8.20  P.M. 
6.60  AM, 
2  46  P.M. 

1.46  P.M. 
8.46  P.M. 

6.60  A.M. 


to 

10.80  P.M. 
to 

8.80  P.X. 
to  7.00  P.X. 
to 

10.46  P.M. 
to  6.16  p.m. 
to  UMam. 
to 

10.40  P.M. 
to  6.80  r.M. 
to 

10.60  P.M. 
to    8.00  p.m. 


Feb. 

«. 

0.46 

Feb. 
Feb. 

14, 
16, 

0.77 

Feb. 

19, 

0.21 

Feb. 
Feb. 

21, 
22, 

0.98 

Feb. 

24, 

0.38 

Feb. 

28, 

0.15 

Mar. 

1, 
tal. 

0.06 

To 

2.96 

Snow  and 
rain. 

Snow. 

Snow. 

Rain. 

Snow. 
Rain. 
Rain  and 
snow. 


1.00  A.M.  to 

9.00  P.M. 
7.00  P.M.  to 

5.30  P.M. 
6.10  a.m.  to  6.46  p.m. 
11.28  P.M.  to 

1.46  P.M. 
4.80  a.m.  to  S.30P.M. 
2.00  P.M.  to  4.80  P.M. 
l.OO  A.M.  to 

7.00  A.M. 


Mar.    1, 

0.16 

Mar.    8, 

0.47 

Mar.    7, 
Mar.    8, 

0.90 

Mar.  16, 

0.14 

Mar.  18, 

0.40 

Mar.  19, 
Mar.  20. 

0.07 

Mar.  82, 
Mar.  28, 

0.27 

Mar.  81, 
Apr.    1, 

0.83 

Total, 

2.79 

Snow. 
Rain. 

Rain. 

Snow. 
Snow  and 
rain. 

Rain. 

Snow  and 
rain. 

Snow  and 
rain. 


7.00  A.M.  to  4.80  p.m. 
6.00  A.M.  to  8.16  P.M. 
6.46  P.M.  to 

4.80  A.M. 
6.60  A.M.  to  8.00  P.M. 
6.60  A.M.  to 

6.30  P.M. 
8.80  P.M.  to 

12.20  A.M. 
6.06  A.M.  to 

9.46  A.M. 
6.86  P.M.  to 

7.00  A.M. 


Apr.  1, 
Apr.  7, 
Apr.  8, 
Apr.  10, 
Apr.  11, 
Apr.  12, 
Apr.  16, 
Apr.  19, 
Apr.  84, 
Apr.  26, 
Apr.  87, 
Apr.  80, 

Total, 


1.01 
0.17 

jl.42 

0.06 
0.32 
0.88 
0.26 
0.10 
0.10 

(6.87 


9.18 


Rain. 
Rain. 

Rain.* 

Rain. 

Rain. 

Snow. 

Snow. 

Rain. 

Rain. 

Rain.* 


9.00  A.M.  to 
7.60  A.M.  to 
9.26  PJC.  to 

8.20  A.M.  to 
6.00  A.M.  to 

8.10  A.M.  to 

6.16  P  M.  to 
2.16  A.M.  to 
9.30  P.M.  to 

7.00  A.M.  to 


6.10  p.m. 
1.20  P.M. 

8.06  A.M. 

6.06  A.M. 
10  45  A.M. 
12.80  P.M. 
11.20  P.M. 

6.46  AM. 

7.00  A.M. 

6.80  pm. 


Date. 


a 

B 

o 

a 


May  9, 

May  10, 

May  16, 

May  18, 

May  20, 

May  26, 

May  27, 

May  80, 

Total, 


0.79 
0.14 
0.24 

1.16 

0.28 
0.40 
0.28 


ft. 

u 

OQ 


Dnration. 


8.28 


Rain. 
Rain. 
Rain. 

Rain.* 

Rain.* 
Rain.* 
Rain. 


6.10  A.M.  to  8.00  P.M. 
5.20  P.M.  to  6  30  P.M. 
7.00  P.M.  to  10.80  P.M. 
9.80  A  Jl.  to 

1.80  P.M. 

8.46  P.M. 

1.40  p  M. 

9.80  P.M. 


7.00  P.M.  to 
1.10  p.m.  to 
2.40  P.M.  to 


Jane  2, 
June  7, 
June  7, 
June  8, 
Jane  21, 
June  21, 
Jane  28, 
June  26, 
June  26, 
June  28, 
Jane  30, 

Total, 


0.67 
0.60 

0.05 

0.20 

O.IO 

0.30 
0.18 

0.85 


2.75 


Rain. 
Rain.* 

Rain. 

Rain.* 

Rain. 

Rain.* 
Rain.* 

Rain. 


12.26  P.M.  to 

3.16  A.M.  to 

10.00  P.M.  to 

1.20  P.M.  to 
4.00  P.M.  to 

6.80  P.M.  to 

1.30  P.M.  to 

11.05  P.M.  to 


7.00  P.M. 
7.80  A.M. 

2.00  A.M. 
1.40  P.M. 

12.45  A.M. 
9.00  P  M. 
2.40  P.M. 

11.45  P.M. 


July     I, 

0.02 

July     5, 

0.44 

July  13, 

0.09 

July  17, 

0.19 

July  22, 
July  25, 

JO.61 

July  27, 

0.06 

July  29, 

0.07 

Total, 

1.48 

Rain, 
liain. 
Rain. 
Rain. 

Rain. 

Rain. 
Rain. 


7.00  A.M.  to  8.80  A.M. 
4.20  P.M.  to  9.60  P.M. 
6.65  A.M.  to  11.40  A.M. 
7.80  P.M.  to  9.00  P.M. 
8.80  P.M.  to 

1.30  a.m. 

6.00  A.M. 
8.35  A.M. 


2.00  A.M.  to 
2.26  A.M.  to 


Aug.    1, 
Aug.    8, 

lo.96 

Aug.    6, 

0.19 

Aug.    8, 

0.08 

Aug.  11, 

0.41 

Aug.  14, 

0.08 

Aag.  16, 

^.04 

Aug.  20, 
Aug.  21, 

1.08 

Total, 

2.74 

Rain. 

Rain. 
Rain. 
Rain. 
Rain. 
Rain. 

Rain. 


6.26  P.M.  to 

12.30  A.M.  to 
6.50  A.M.  to 
6.60  P.M.  to 
1.05  A.M.  to 
3.80  P.M.  to 
5.00  A.M.  to 


8.00  A.M. 
4.16  a.m. 
8.30  A.M. 
5.55  p.m. 
8.00  P.M. 
6.00  P.M. 

2.80  A.M. 


Sept.  4, 
Sept.  8, 
Sept.  10, 
Sept.  11, 
Sept.  12, 
Sept.  14, 
Sept.  15, 
Sept.  24, 
Sept.  26, 
Sept.  29, 
Sept.  80, 

Total, 


0.02 
0.28 

JO.51 

8.84 

I  0.80 

jo.80 


Rain. 
Rain. 

Rain. 

Rain. 

Rain. 

Rain. 


5.75 


2.35  A.M.  to    8.26  A.M. 
7.00  P.M.  to 

12.15  A.M. 
11.46  P.M.  to 

9.10  P.M. 

11.10  A.M.  to 

8.80  A.M. 
8.30  P.M.  to 

6.15  P.M. 
12.45  P.M.  to 

1.15  p.m. 


*  Thunder  shower. 
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Table  No.  4.  —  Rainfall  in  Inches  at  Chestnut  HiU  Reservoir  in  1904 

Concluded. 


Date. 


Nov.  18, 
Nov.  14, 
Nov.  21, 
Nov.  20, 
Nov.  80, 

Total, 


o 

a 


e  • 

la 

GQ 


Duration. 


Oct. 

6. 

0.82 

Oct. 

9, 

0.02 

Oct. 

11 

0.14 

Oct. 
Oct. 

12. 
18, 

|o.02 

Oct. 

21, 

0.84 

Oct. 

2«, 
>tal, 

0.17 

Te 

2.21 

Rain. 
Rain. 
Rain. 

Rain. 

Rain. 
Rain. 


0.16  P.X.  to  11.20  P.X. 

12.60  A.1C.  to   2.26  a.m. 

S.80A.1C.  to    4.80  P.X. 

1.20  P.M.  to 


12.66  A.M.  to 
11.16  AJC.  to 


8.80  A.X. 
2.46  P.X. 
6.16  P.X. 


1.86 
0.06 
0.10 


1.81 


Bain, 
Rain. 
Rain. 


8.80  A.X.  to 

6.00  A.X. 
2.66  A.X.  to  6.10 AX. 
8.00  P.X.  to 

1.26  A.x. 


Date. 


a 

0 

o 

a 


a 

02 


Daration. 


Deo.  6, 

Deo.  8, 

Deo.  12, 

Deo.  18, 

Deo.  16, 

Deo.  18, 

Deo.  26, 

Dec.  28, 

Total, 


0.21 
0.06 

0.16 
0.71 
1.68 


2.81 


Snow. 
Snow. 

Snow. 

Snow. 

Snow  and 
rain. 


6.00  p  K.  to  11.06  p, 
10.00  A.x.  to   0.0O  p 
6.00  P.x.  to 

0.80  a 
1.66  A.X.  to 

lOJtO 
11.46  P.X.  to 

10.00  a 


Total  for  the  year,  48.40  inches. 
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Table  No.  19.  —  Average  Daily  Cojisumption  of  Water ^  during  the  Year 
1904,  in  the  Cities  and  Towns  supplied  by  the  Metropolitan  Water 
Works,  including  Boston,  SomervUle,  Chelsea,  Maiden,  Everett,  Quincy, 
Medford,  Melrose,  Revere,  Watertown,  Arlington,  Lexington,  Milton, 
Stonehc^m,  Winthrop,  JSwampscott,  Belmont,  Ndlmnt  and  a  Small  Por- 
tion of  Saugus.  (For  Consumption  of  Water  in  Whole  Metropolitan 
Water  District,  see  Table  No,  23.) 


Month. 


JaDuary,   . 

February, 

March, 

April, 

May. .        .        . 

Jane, 

July. 

AogUBt,     . 

September, 

October,    . 

November, 

December, 

For  the  year, 


Average 

OonanmptioD 

Daily 

Bstlmated 

per 

CnnaumptioD 

Population. 

InhabtUDt 

(GallODa). 

CQallODi). 

134,470,000 

917,800 

147 

139,941,000 

919,100 

162 

1-20,892,000 

920,900 

181 

105,800,000 

922,700 

116 

10R,460,000 

924,600 

117 

107,826,000 

926,600  . 

116 

110,006,000 

928,600 

119 

100,477,000 

930.700 

118 

110,866,000 

982,700 

119 

106,220,000 

934,800 

113 

106,084,000 

986,800 

112 

121,986,000 

988.900 

180 

114,909,000 

927,800 

124 

Table  No.  20.  —  Average  Daily  Consumption  of  Water,  in  ChUons,  from 

the  Low  Service  System  {1904). 


January, 
February, 
March,  . 
April,    . 
May,      . 
June,     . 
July,     . 
August, 
September, 
October, 
November, 
December, 


Month. 


For  the  year, 


Southern 
Low  Sbrvick. 


Boston,  ex- 
cludlog  East 

Boston  and 
Charleatown. 


67.242.000 
68,976.000 
62.166,000 
46,164,000 
46.691,000 
44,898.000 
44,647,000 
44,964.000 
43.963,000 
41,958,000 
43.162,000 
50.168,000 


47,676,000 


NORTHBBN 

Low  Bkrvicx. 


Portions  of  Charles- 

tnwo.  SomerviUe, 

Chelsea,  Everett, 

Maiden,  Medford, 

East  Boston  and 

Arlington. 


36.627.000 
37,783,000 
29,619,000 
24,847,000 
26,168,000 
24,647,000 
24,789,000 
24,3S8,000 
26.076.000 
24,669,000 
23,991,000 
80,716,000 


27,609.000 


Total 

Low  Service 

Consumption. 


92.869,000 
96,769.000 
81,684,000 
69,611,000 
70,849,000 
68,946,000 
69,886,000 
69,342,000 
70,089,000 
66,617,000 
67.168,000 
80,883,000 


76,286,000 
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Table  No.  21.  —  Average  Daily  Consumption  of  Water ^  in  Gallons^  from 
the  High  Service  and  Extra  High  Service  Systems  {1904). 


bouthvbn 

High 
Bebvio. 

{     boxtthirn    1 

<  Extra  High  i 

Skbvicb. 

NOBTHBRK 

HXOH  Sbbticb. 

northkrn 

Extra  Hish 

Sbrticb. 

Month. 

1 
1 

Qainey,  Water. 
1  town,  Belmont, 
'   and  Portlone 
!  of  Boston  and 
Milton. 

1 
1 
1 

Portlone  of 

Boston 
and  Milton. 

1 

1 

Revere,  WInthrop, 
Swampaeott,  Nabant, 
Btonebam,  Melroee,  ■ 
and  Portions  of 
1     Boston,  Cbelaea, 
Everett,  Maiden, 
Medford,  Bomerville  | 
and  Bangns. 

Lexington 

and 

PorUoD 

of  Arlington. 

1 

Jannary,  . 

1 
82,844,000 

1                                                       1 

447,000 

8,339,000 

1 

480,000 

February, 

88,166,000      1 

468,000 

9,072,000 

497,000 

Marcih,     . 

30,266,000 

482,000 

7,642,000 

478,000 

April, 

28,872,000 

421,000 

7,049,000 

447,000 

May.        . 

29,092,000 

401,000 

7,608,000 

610,000 

Jane, 

20,478,000 

626,000 

8,800,000 

677.000 

Jnly,         . 

80,612,000 

600,000 

9,018,000 

620,000 

Angnat,    . 

80,170,000 

648,000 

8,846,000 

665,000 

Beptember, 

81,148,000 

671,000 

8,664,000 

560.000 

Ootober,  . 

80,228,000 

617,000 

7.348,000 

510,000 

November, 

30,030.000 

499,000 

6,886,000 

466,000 

December, 

82,676.000 

680,000 

7,492,000 

499.000 

For  the  yei 

ir,    . 

30,610,000 

604,000 

7,993,000 

617,000 
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METROPOLITAN   WATER 


[Piib.  Doc. 


Table  No.  23.  —  Consumption  of  Water  in  the  Metropolitan  Water  Dis- 
trict, a»  constituted  December  31,  1904,  the  Town  of  Swampscott  and  a 
SmaU  Section  of  the  Town  of  Saugua;  1893-1904. 

[OkJIoh  par  D*r-1 


HOMTH. 

1     IMS. 

ISM. 

•"• 

.«^ 

in?. 

.n.. 

jMoarj. 

|l9 

M 

„, 

n 

m 

^?;-     -. 

l>»««-fc.r 

.  .« 

U) 

IM 

n 

.li 

)( 

&vtimf<itOTlbtjn,r,     . 

*a» 

_'_ 

._ 

III 

M.l 

_ 

** 

100.4 

Ifu 

M,.. 

.— . 

IM*.              IMI. 

iMa.         IMS. 

.-c 

10        no 

»           M 

■  100 
B           lOO 

■  100 

■  oo 

8         no 

e         oo   11         wo 
s         oDiM         mo 
e         «o .  0         100 

e         00  '  «         no 

0  00   ID         no 
It         00   Id         no 
K        OO  10        mo 

It              00     IC             100 

1  00   111         no 

t         00  ,  10         wo 
t         00   11         no 

1         no   1!         00 

1    sll    s 

(         no'  11         oo 

1         « 1 10         oo 

C              100     10              00 

c         do ,  10         00 
(         no :  10         00 
c         no  1 M         00 
c          no    ic          no 
i          no    11          00 

iwimlooo 
lt3.3M,nio 

io«,eM,ocn 

111,T1»,U» 

lIt)BS^aoo 
ni;iS;o« 

108,W0.IIO» 

iM,aM,oo* 
ittiwlooo 

Pcjp*|"|"d,'  ' 

or  Ui.  ;« 
p*r  Inn.. 

u.,': 

01,111 .000 

08.0M,000     104,»4t,000 

llO.Mfi.OOO     110,277,000 

iia,iu,ooo 

Thli  Ubic  Id 
wttb  tba  iTBtt 
DlMHii  but  fai 


1  inpplled  from  (ba  Ualropollun  Worki 


Note  relativg  to  Chemical  Exataiiiation«  of  Water,  Tablet  Nos.  24-30. 

The  chemical  examiaations  contained  in  the  tables  were  made  by  the 
State  Board  of  Health.  Colors  have  been  determined  by  the  Nesaler 
Btandard,  but  the  correepoDding  values  by  the  platinam  standard  are  also 
given,  for  the  parpoae  of  comparison  with  colors  determined  in  the  labora- 
tory of  the  Metropolitan  Water  and  Sewerage  Board,  as  given  in  Babsetjaent 
tables.  The  odor  recorded  is  taken  in  sucb  a  way  that  it  is  a  mnch  stronger 
odor  than  would  be  noticed  in  samples  drawn  directly  from  a  tap  or  col- 
lected directly  from  a  reservoir.  The  more  important  samples  are  collected 
and  examined  monthly ;  those  of  less  signiQcance,  at  intervals  of  two  or 
three  months. 


No.  57.] 


.4ND  SEWEEAGK  BOARD. 


..«apj.H 

2°dSS*'    s    d:;';:," 

js=sss«     a     aB=s]s 

1" 

_.__-.  .  ^.-= 

IT  {  1  Tfi""  f  T  rn  i  1 

-" 

—  i  i  i  i  i  i  i  i  11  iiji 

g 

-oBuowo  1     ssssass     s     aaasia 

1  d 
^     II 

■p.po«i.ngi   iiiiiii   i   iiiiii 

1 

2 

■,«oi;     =111111      1     1   1   1  1   1 

1 

■~''   1  i  1  i  1  1  1   1   1  1  i  III 

» 

SSSSSSS       S       S£gS 

|P 

£ 

•,.„i.j  llsSJsl   i   mi 

Ml 

II 

^5 

a 

1 

1    3   1 

!     4      it     i 

lillliiii    1 

1 

1 
i 

i 

1    ii  1  li  t 
1  f  1 1  f  i  1  1  II  p  i 

s  i  i  £  s  i  £    >    alt;  B 

S 

5 

g 

■pji 

-pOTiBomainij 

ss»ss;sa     &    ssss 

s 

|uiiIi(mB»l»lI 

sasi)8;;a     s     ;::;  =  = 

s 

i 

-mamiiHS 

ifiiiliWiii 

H 

-IllPiqjnj, 

- 

■Donsniioo  JO  wa 

.5  -a-"--      -     a-s- 

M  s  s  1  III  1  Ui^ 

■4»qHinN 

iiiiiii  i  iiii 

■* 

238 


METROPOLITAN   WATER 


[Pub.  Doc, 


¥ 

a: 

I 

I— n 

S  i 


fH 


'■MapiVH  ! 
•pvmavQOQ  no8Xzo  1 


•9 

w* 

«D 

M 

eo 

p* 

pi4 

OD 

00 

09 

M 

*• 

©• 

«- 

- 

w^ 

v4 

^M 

»i* 

r^ 

e 

0 

r^ 

w^ 

-- 

*" 

2 

• 

9 

* 

a 

• 

■ 

8 

• 

8 

■ 

• 

• 

8 

■ 

• 

s 

• 

3 

• 

W 

o 

O  00 


•••imiu 


'■9|«J)|^ 


CO         — 

S    8 


i    s    S    ^   s    s 

o     o     o     o     o     e 
000000 


§     S    !2     g     g     2    2 

mm         ^^         r^         ^m  wm         r^         a 

o     o     o     o     o     e     o 


S    8 


i 


••avioiiio 


SSSSSSSSiSSSSS 


s 


o 


o 

s 

D 

aa 


'papaadiog 


00        -v« 

s   § 


9*         QO         00 
OQ        --        -» 

S    8    S 


8    8 


8 


•p9A|onia 


•|«»oj. 


'•Oi^ 


ao      « 
-r        CO 


•0 


S        00        91        (^ 

00000000000 


s~i~^~s~§~gr 


o 


s 

00 
CO 

3 

^ 
»» 

8 

S 

s 

M 

•  — 

§ 

1 

e 

■ 

0 

• 

0 

■ 

0 

• 

0 

■ 

0 

• 

0 

0 

■ 

0 

■ 

• 

0 

• 

0 

0 

• 

o      <o      o 
'^      <o      eo 


8 


8        64 

8    8 


oe      o      00 

8    8 


M 


8 


S 
8 


o  ' 


'Qopfiifll  ao  M01 


S.<S83Sd3SS 


•O        lO 


8 


>o     o 


•i^QT  !        ooe4dS«3e8S8 


I 


os«^M«QMeocoe4Met»» 


o 
PC 


a 

I 

a 
a 


c 


a 

1^  •       •       • 

.a      h      ^     S     2     .a 


a 
a 

•o 
a 


a 


5§a2S^*3SS 

Ml  II  Is  -  -^* 


O 
O 

o 


9 


3     S      a     3     «•     «•      aJsS     ^a«^a 


S      Q      £ 


i«5         «S         ■»■         ~S   ^^w«         M   C' v3 

Q      fi      Q      Ec.      O      Q      a 


o 
a 

3 

a 
a 

Si 

•.Se 
•& 


•  JS     .2 

^    S     n    £    %    % 

®       1,       2       a       «•       o 


Jf      c 


4* 


a 
s 

^^      ,>»P^w>»a      g 
53     ap5^5*3«- 


8 

c 
a 


08 


3 

u    . 

to 


8 
a  « 


•pjti 
tf  .-pavis  amaimu 

2  !  o\   p9aiJo;«otiJX 

o 


K 

O 

< 

PS 

w 

0. 


•pjvpaviSjarMafi 


*)a9CD|p9S 


>^1lPiqjnj. 


eo^c9P»ci©iC«^"      t^      »^      ^*      p« 


®     2     S 

«»      f      eo 


00 


S3^SS2SS 


04 


J3 


as 


a<>a 
o  M 


>      ro      >      > 


a 
o 
O 


.a 

00 


a 
o 


4a 


ifl    ja    ja    s 

M       Ml       M       * 


55    oQ    S    Sd    > 


as 


.a 
as 


M 


.a 
as 


>  >   >   >   > 


■aOflMflOO  JO  919(1 


■joqaznii 


•  a 

«4  at 


^ 

£ 


8 


e<« 


at 


as 


as 

■     a 
o 

>    SZ5 


d    ja 

as     as 


>     > 


9 
a 
0 


9 


as 
a 


CO       i-^ 


^     -      ^      fe 

O         O         O         * 

m    O    bi;    Q 


oo 


s 


00 


^  s 


2 

s 


s 


<D  vN  e  »« 

1^  o  M  e« 

o  2  9E  CO 

«^  PM  ^4  ci 


No.  57.] 


AND   SEWERAGE   BOARD. 


239 


s 
o 


o 


*firoapj«H 

■ 

• 

■ 

m 

• 

eo      lo 

■                • 

■pemaiaoo  uaSiCxQ 

s 

• 

• 

• 

• 

8 

* 

Si 

• 

K 

1 

w^ 

^iN 

~S3 

~o 

O    1    *^        1 

W 

•■»mnN 

§ 

§ 

§ 

1 

i 

§ 

O  OD 

9S  -< 

■ 

O 

• 

■ 

• 

■ 

• 

• 

o 

o 

e 

■ 

• 

CI 

55 

•■•JtMIIJSI 

8 

■ 

a 

i 

• 

s 

a 

§ 

• 

•aaijORO 

3 

• 

3 

• 

0« 

■ 

• 

• 

■ 

M 

■ 

• 

e 

0 

a 

s 

'papaodvng 

• 

• 

■ 

8 

• 

■ 

• 

• 

• 

•p9A|0«t|0[ 

g 

S 

B 

PQ 

O 

o 

• 

■ 

O 

• 

o 

• 

o 

o 

• 

Mioj, 

2 

< 

o 

• 

■ 

e 

• 

o 

• 

o 

■ 

o 

• 

01 

H 

« 

« 

^ 

^ 

C4 

'99I£ 

^4 

<o 

f^ 

^p 

^    1     <M 

• 

s 

■ 

a 

8 

• 

■ 

8    8 

•          • 

*ao|ifnSi  ao  Sfloq 

• 

« 

• 

S 

• 

• 

8    S 

•      • 

Oi  ^  c* 

e« 

M 

r^ 

r^ 

^* 

1-*    ^ 

w» 

o 

s 

• 

•O 

•o 

o 

,^ 

"W 

•WOi 

C9 

■ 

• 

• 

• 

GO 

• 

• 

OS 

^ 

^ 

eu 

CO 

C9 

CO 

CO 

• 

T'C 

ri  • 

1 

• 

S« 

O 

Ji 

■ 

8 

• 

■ 

• 

z 

.o 

9 

iO 

^ 

o 

1 

at 

Pi 

a 

oi 

w 

S> 

U 

Si 

0 

S) 

8, 

« 

s 

« 

>t 

& 

« 

> 

D 

► 

► 

►• 

>» 

>k 

t»» 

? 

>» 

>« 

•>• 

a 

a 

•>• 
a 

a 

9 

■5 

w« 

■ 

• 

« 

at 

al 

as 

0 

P8 

b 

U4 

h 

Q 

Cb. 

ex 

o 

• 

• 

• 

g 

« 

e 

o 

•s 

■ 

73 

C3 

• 

1 

a 

^ 

3 

a 

a 

> 

P 

> 

9 

> 

w* 

a 

>> 

>» 

>» 

>» 

a 

o 

■mJ 

•« 

^ 

»* 

■s 

o 

a 

a 

e 

a 

«S 

o 

Id 

'S 

« 

<s 

• 

b 

Cs. 

Cb. 

h 

> 

piti 

tO 

OO 

at 

•o 

a 

1 

M 

•paviS  amnfitii  J 

l-< 

w^ 

r^ 

r^        ^^ 

S^ 

oi    pacaiojwnvjx 

1 

O 

u 

pj«pa«isi9|naK 

3 

O 

§ 

3 

8 

OO 

o 

H 

■ 

■ 

a 

• 

■ 

• 

o 

• 

fa 

•« 

«a 

«• 

i 

JQ 

ja 

.a 

.9 

')aaai|pos 

M 

• 

J3 

M 

» 

• 

as 

• 

m 

ao 

m 

« 

M 

S: 

> 

> 

^ 

> 

> 

S 

<J 

.a 

• 

•^lipjqinj, 

• 

• 

aai 

• 

cc 

a 

a 

• 

a 

S 

m 

o 

o 

• 

o 

• 

m 

J5 

sc 

> 

S5 

t> 

> 

rH 

S 

c« 

•^ 

e« 

t- 

" 

•  .H 

r^ 

-aonoeiioo  jo  0i«(i 

i. 

• 

►• 

»« 

• 
•• 

> 

1 

M  at 

at 

9 

OQ 

o 
55 

!S 

c* 

40 

CO 

•* 

«o 

'jAqounfj 

CO 
<3> 

lO 

2    < 

1 

OO 

Ok 

s 

240 


METROPOLITAN  WATER 


[Pub.  Doc. 


I 

9 


§  s 


V 

6 


O 


*««eapj«H 


-peoinflaoQ  ae8iCxo 


e* 


9    S    9    3 


-«      e«      «» 
le      <«•      o 


eo      »^      oo      i«4 
^      •*      eo      ^ 


3 


M 
O 
O  00 

H 


••»i|jnja 


saiuitfi 


w      e«      •-<      t—      w 

g    8    P    ^    " 

o      o      < 


8 


o      o      o 

8    8    8 


2    8    S    8 

^4  Pi4  fX  ^4 

e     o     o     o 


I 


O        O        O        00 

^    S    8    8 


■eniioiqo 


M 


s 


9    S 


S    9 


c« 


s 


o 


o 

s 

D 
M 

■4 


'p9paodBa8 


*paAion{C[ 


•WOj, 


'9Mj[ 


oo      o 

iH         iH 

8    8 


«        <0        C4  '^  C4  ^  O 

9  »  lO  id  eo 

Q  O  O  O  S 

5  o  o  o  S 


8 


C4       Q       M        00        00 
^      mS      F^        " 


^      *      P 


^  o  oo  <D   o  e«  a 
o&ooeeoooooo 


S     fi     S     1^     S     1^     3 

^4      M      ^4      fii4      »4      e«      r^ 
e     o     e     o     o     o     o 


S    8    S 

e     o 


00 


2 

8 


s  S  s  ^  s 

8    8    8    8    8 


<o     CD     et 

»^       »^        M 

8    8    8 


§^ 


5sg 

M    ^    t^ 
•    ► 


*aon|a8|  no  m»<yj 


•I«10i 


:2    8    2    8    8    ^ 

«     «     ei     •-*     r3     »-i 


O        lO       lO       Q 

t-     a     lo     S 


8    S    S    8 

•o       -^       ^       <«< 


S    8 


8    8    8    8  18 


S 

o 


•                                       •         •                   .                             *       tZ 

•     •      •           •     •      •     ©                  •     • 

o 

Distinctly  vegetab 
Distinctly  vegetabl 
Faintly  unpleasant 
Faintly  vegetable. 
Distinctly  vegetab 
Distinctly  vegetab 
Faintly  unpleasant 
V.  faintly  vegeUbl 
Faintly  vegetable. 
Faintly  vegetable. 
Distinctly  vegetab 
Distinotly  ououmb 

' 

• 

■o 

vegetable. 

vegetable. 

unpleasant. 

vegetable. 

^ly  vegetable. 

vegetable. 

unpleasant. 

ly  vegetable, 
unpleasant. 

M 

•4 

PS 
< 


9S 

O 

o 


*pi« 
•pavig  mnupvi  J 
oi   pemiojeouj, 


•pivpneig  Jeissa^ 


*)a9ai|pe8 


•AlPiqiOi 


8 

Si 

a 

8 

ti 

C4 

s 

00 

s 

sc 

S 

s 

• 

■ 

■ 

8 

• 

8 

• 

s; 

• 

^ 

a 

o 

CO 

m 

»    •  >»  •    jf  ^    ^    ^ 

m    O    S    S    aS 


.a 


(D 


>*'> 


a  a 
o  o 
O     O 


•<3     •5. 

S      S 


•fl  -fl    ^    •&   •£    "fl 


.a 


t>    >    S    > 


■uo|)oaiioo  JO  9i«a 


•--     ^     o»     ^     c* 


«o      ?- 


•  0 

_i 


^   **   ■£    2?   S   -    ? 
b4  hi   <{  a   "^  ►^  -< 


0. 
« 

CD 


O 


o   a 


'jeqoinx 


S 


•A 
CO 


a»     >-• 

so     a» 


8    S 

I  i 


M3         « 


No.  57.] 


AND   SEWERAGE   BOARD 


241 


O 


OB 


^ 


og      ""^ 

c 
Si 


Pq 


6 


00 

o 

^; 

I-] 

< 


*raoopj«H 


*p»iiia«aoQ  u98£xo 


0«        iH 


oo       »• 


eo      eo 


SSoQSSS39S 


SS    !; 


M 
O 

O  OD 


•••imiN 


o       — 


•■0)U)|^ 


S    8 


ooooooooooo 


•auiaomo 


$3SS3SS;S82S9S$|S 


iQ 

O 
M 


a 

o 

a 

p 

s 


•papaodsag 


04 

S 


s 


s 


C4 


s  s 


s 


•paaioMia 


•I»»oi 


*a9ji^ 


o 

o 


o 


S    £    S    $ 

r4         P4         ^4         rM 

e     o     o     o 


06 

o 


o 
o 


C4 


o 


»-»     w 


3 

O 


s  ;£  2  e 

^^  ^^  ^N  pN  »i*  •*  ^^ 

o     o     o     o     o     o     o 


s 


8    Si  ss 


S 


•4    <5    4g    6« — q; — y 

f-i       »«      9      ^4      p«      •-« 

8    8    S    S    8    S 


:i 


o 


-3^ 

m 

M   ^   C 

a  ^  ** 

04^ 


*ooD{aSi  00  fl«oq 


•WOJ, 


o 

00 


8 


8 


S    8    8 


3 


S    8    9 
<#    -^    <# 


S    CO    8    8    8 


2    8 


CO        CO 


CO        «0 


•o 

•o     1  ; 

a 

0        '    r 

«s 

CS                  1        • 

• 

• 

• 

«» 

**         .   1      ' 

• 
0 

• 

• 
2 

1 

J2 
2 

J3 

• 

5 

•s 
& 

• 

• 

1      ^ 

S        6 

m 

& 

Si 

S 

1 

S! 

8> 

^i& 
•^* 

§•      1 

> 

>« 

^ 

X 

>» 

^ 

"        g 

a 

• 
9 

^ 

3 

a 

>» 

«< 

^  ja  •^ 

fl 

•i 

a 

a 

•1 

a 

« 

a 

9  a  0 

O  •  0 

« 

2 

• 

o 

S 

§ 

I 

2 

2"2 

s 

o 

• 

• 

• 

• 

• 

JO 

m 

5 

• 

•             • 

1 

.a 

^ 

.o 

*^ 

.o 

Xi 

JS        JO 

« 

•o 

j 

CB 

5 

& 

c 

o. 

s 

1 

1 

1 

t 

1 

1  1 

0 

0 

> 

> 

^ 

>% 

► 

► 

p*      ► 

>« 

>» 

>k 

>» 

>* 

>t 

>•     K 

1 

* 

• 
a 
o 

a 

* 

« 
§ 

S 

a 

£ 

3 

2 

2 

• 

> 

a 

a 

2 

Fainll 
Faintl 

•      o 

>    to 

• 

PS 

*pj« 

8 

S3 

S 

s 

^ 

SI 

s 

s 

a  s 

04        CO. 

8 

• 

■a 

s 

8 

<n   paauojaaux 

*pj«patns  jairaa^ 

• 

a 

• 

■ 

• 

■ 

G4 

• 

•    • 

S3    S 

•      • 

S3 

• 

o 

• 

• 

■      • '    * 

X 

2 

^ 

•*• 

«• 

*«    •*  ,    • 

J3 

4 

.0     ja  '    < 

•ia»anp»s 

3? 

■ 

• 
.a 

« 

• 

• 
•• 

•    • 

»  ^  M  ,      , 

H 

M 

M 

&• 

s 

0 

M 

&0       M 

•  1      , 

A* 
-<1 

> 

> 

55 

S 

S 

o 

6 

m 

S      S 

>    >  1   : 

■ 

' 

^« 

■ 

^.•» 

♦* 

«« 

««       «• 

«»       ^ 

ifl 

j» 

>»S^'0 

ja 

.ft 

.ft 

ja     ja 

.0       .0 

I 

•iCilpiqjnx 

"3 

*• 

3: 

Ml' 

3? 

^ 

"• 

m 

1 

op     » 

i?    if 
*•     15 

• 

• 

• 

• 

• 

• 

O 

> 

> 

GD 

> 

> 

> 

> 

SQ 

>     > 

>     > 

SS 

»H 

a 

"* 

e« 

•' 

•o 

C4 

«o     ««• 

•~i       o  1 
CO 

1                  ■aonoeiioo  ;o  ©i«a 

• 

■ 

• 

m 

o 
a 
o 

• 

D 

4    o 

O    Q  1    ' 

1 

1 

00 

^ 

s; 

5 

1 

s 

* 

1 

8 

i  s 

>0        lO 

51007 

62317 

Av. 

242 


METROPOLITAN  WATER 


[Pub.  Doe. 


I 


i  ^ 

I 


^ 

e 


-30 

V. 

I 

o 
"A 

'A 

S3 

< 


'■Mapj«H 


'pdoiniooo  a«8iCzo 


« 
< 

X 
M 
O 

s 

E: 


•■»»Wlil 


•••IWIIN 


-•Qfioiqo 


O 
» 

< 


m 

M 

D 

9 

-4 

'popaad 
-rag 

■pa^IM 
•KI 

•WOi 

'90J^ 


©2 


■DOUIOSI 

00  9»<yj 


•|«10j. 


I 

I 

SSSS  '  §§§§§§88SS8' 

•  >••     ••■•(•••*««^ 

:3s:2g       sssss8s;ssse;s 

oooo     oeooooooeoo 
ooeooooeeeoooooo 

ssisjissiiiiiisss 

[ 


COLOB. 

*pi«pu«ie 

ainan«ia 

$s;8^ss;ss92^ss:s^S83S 

•piwpawifl 

$SoSS?;:ss$ss;;'c^ssss 

rrr  I 


■S5 


o 


2    "" 


.    >• 


o   05555223^500   05   O 


j^-oooodoaaO*^ 


a 
o 

5    J:' 

00      ^ 


a 
2    ^ 


s 

es 

»> 
« 

c 

■k 

CO 

d 


5    - 


a     -r 


9      iT 


>  o  8 

5  I  5 

^  S  ** 

s  ^  s 

5  9  ^ 

o  *  « 

0  Jl  o 

■3  5  i^ 


C    pa 


o 

J: 

M  M  A 
D  P  ffi 
O        O        J- 

5  s  5 
a   a   :d 


E 

at 

M 

a 

a 

0 


O 

> 


a 
o 


a 
o 

X 


9 
• 


o 


e 

c 


e 
e 

o 


o 

t 

a* 
« 
if 

fit: 


9 

« 

9 

or 


9 

•O 
9 
00 


i  i  I 


»  a  09 


a 
at 

2 
< 


.c 

M 

a 

1 


M      O 


es 
•J 


B 

«e 
.a 

I     £      9     •-       a 

C      o     0.     (X     a 
o      Oh     «e      «      « 

H     OQ     H     t*     H 


9 
o 

•     B      >« 

e      o      a 


No.  57.] 


AND   SEWERAGE   BOARD. 


243 


Table  No.  30.  —  Chemical  Examinations   of  Water  from   a  Faucet  in 

Boston,  from  1892  to  1904. 

[Put*  per  100,000.1 


OOLOB. 

Rebidub  on 
Btaporation. 

Ammonia. 
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0 
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■n 

ja 
1.41 

Nitrogen 

AS 
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0 
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>* 
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YlAR. 

* 

m 

■£5 

2S 

as 

Total. 

Loss  on 
Ignition. 

1 

albuminoid. 

Nitrates. 

• 

s 

• 

• 

1 

Dis- 
solved. 

Sus- 
pended. 
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a 

1802, . 

.87 

37 
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1.67 

.0007 
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.0030 
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.0001 
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1893. .        .  , 

.01 

68 

4.54 

1.84 

.0010 

.0174 
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.0027 

I  .38 

.0148 

.0001 

.00 

1.8 

1894, . 

.09 

58 

4.84 

1.88 

.0000 

.0109 

.0160 

.0019 

1  .41 

.0100 

.0001 

1  .03 

1.7 

1885, . 

.72 

59 

4.90 

2.02 

.0000 

.0197 

.0176 

.0022 

;.4o 

.0171 

.0001 

.09 

0.7 

1890, . 

.49 

46 

4.29 

1.07 

.0005 

.0106 

.0142 

.0023 

,  .87 

.0156 

.0001 

.60 

1.4 

1897, . 

.85 

66 

4.82 

1.84 

.0009 

.0193 

.0177 

.0010 

.40 

.0137 

.0001 

.04 

1.0 

1898, . 

.« 

40 

4.19 

1.00 

.0008 
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.0010 
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.0097 
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.44 

1.4 

1899, .        .  1 

.23 
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.0014 

1.24 
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1.1 

1900, .        .  1 

.24 

29 
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.0012 
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.0018 
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.0070 
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.88 

1.3 

1901, .        .  I 
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.0010 

.30 

1  .0173 

.0001 
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1.7 

1902,. 

.20 

80 

3.98 
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.0010 
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.40 

1.8 
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29 
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Table  No.  31.  —  Colors  of  Water  from  Various  Parts  of  the  Metropolitan 
Water  Worhs^  1904.     (Means  of  Weekly  Determinations.) 

[Platinum  Standard.] 


Waohusett 
Rbbbryoir. 

SCDBURT  RBBEBTOIR. 

Framinoham 

Rebertoir 

No.  8. 

Spot 
Pond. 

Fbllb 
Reberyoir. 

Month. 
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1 

1 

0 
OQ 

Mid -depth. 

a 

o 

a 

s.- 

oS 

_     __| 
48 

Mid-depth. 

• 

V 

s 

3 

Effluent 
Gate-house. 

January 

48 

62 

47 

44 

41 

1 

26 

23 

February, 

88 

44 

44 

44 

38 

40 

23 

20 

March,    . 

39 

35 

87 

37 

69 

87 

24 

20 

April,      . 

39 

30 

30 

30 

44 

33 

22 

20 

May,       . 

39 

84 

30 

36 

45 

38 

20 

20 

June, 

'            40 

33 

33 

33 

40 

34 

20 

19 

July,       . 

'            39 

27 

27 

29 

38 

28 

20 

1            " 

August,  . 

«o 

24 

24 

26 

32 

24 

19 

>            18 

September,     . 

26 

22 

23 

23 

27 

24 

21 

18 

October, . 

1           23 

21 

22 

22 

25 

26 

21 

18 

November, 

1           21 

17 

17 

17 

31    ' 

20 

1 

19 

18 

December, 

23 

19 

17 

17 

24 

18 

20 

18 

Mean, 

34 

1 

30 

30 

30 

38 

30 

21 

1 

19 
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Table  No.  31  —  Concluded, 

[ Platinum  BUndard.] 


Laxs  Cochituatk. 
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Street,  Maid  e'n 
(High  Service). 

2|> 

b* 

January, 
February, 
March,    . 
April,     .       . 
May,       .       . 
June, 

July,      .       . 
August, . 
September,    . 
Ootober, 
November, 
Deeember, 

84 

20 
38 
88 
86 

88 
81 
27 
27 
27 
88 
82 

81 

84 
20 
81 
87 
84 
82 
88 
81 
82 
20 
83 
20 

82 

36 
30 
83 
41 
84 
40 
66 
74 
98 
104 
48 
80 

62 

66 
72 
77 
78 
91 
82 
62 
47 
48 
62 
67 
68 

42 
41 
87 
34 
86 
86 
30 
26 
88 
86 
46 
84 

86 
29 
82 
31 

80 
26 
27 
20 
82 
28 

41 
87 
86 
88 
88 
84 
28 
24 
32 
30 
89 
32 

82 
81 
84 
20 
28 
82 
28 
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82 

20 
20 
90 
10 
17 
18 
10 
24 
18 

43 
SO 
86 
88 
84 
84 
80 
26 
20 
26 
20 
27 

41 
38 
S4 

» 

ss 

M 

30 
S5 

32 
20 
ST 
31 

Mean,      . 

66 

36 

38 

- 

- 

82 

38 

*  The  colors  given  In  this  column  represent  the  combined  colors  of  the  waters  of  the  four  principal 
feeders.  The  color  of  each  is  determined  monthly,  and  due  weight  is  given,  in  combining  the  resnlla,  to 
the  sizes  of  the  streams. 

Table  No.  32.  —  Temperatures  of  Water  from  Various  Parts  of  the  Metro- 
pclitan  Water  WorkSy  1904.     {Means  of  Weekly  DeterminaHons.) 

[The  temperatures  are  taken  at  the  same  places  and  times  as  the  samples  for  microscopical  examination; 
the  depth  given  for  each  reservoir  is  the  depth  from  high  water  mark.] 

[Degrees  Fahrenheit.] 
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86.6 
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February, 
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March.  . 

88.1 

32.8 

38.8 

33.8 

86.0 

86.6 

86.3 

86.7 

86.0 

86.8 

87.8 

April,   . 

40.6 

44.3 

48.7 

42.7 

37.8 

46.6 

46.3 

46.3 

48.8 

42.5 

41.6 

May.     .        . 

66.4 

60.8 

66.4 

64.6 

66.0 

61.3 

69.8 

57.6 

69.7 

46.9 

46.4 

June,    . 

66.4 

68.9 

66.3 

68.6 

68.8 

70.8 

68.7 

67.1 

67.4 

47.8 

46^ 

July,     .       . 

67.8 

76.3 

72.8 

69.8 

70.0 

75.6 

78.5 

70.8 

71.8 

49.0 

46.3 

August, 

71.0 

78.6 

72.9 

72.3 

71.6 

73.3 

72.7 

71.8 

71.2 

40.3 

46.8 

September,  . 

68.2 

66.7 

66.0 

66.7 

66.3 

67.3 

66.6 

66.4 

66.8 

60.6 

47.0 

October, 

66.7 

67.6 

66.1 

66.6 

66.5 

66.0 

66.0 

40.0 

66.8 

61.6 

46.8 

November,  . 

44.1 

41.6 

42.3 

42.4 

40.2 

40.6 

41.4 

40.0 

44.8 

48.1 

42.2 

December,    . 

36.0 

88.6 

36.0 

37.4 

34.8 

34.8 

36.3 

86.8 

82.6 

84.0 

36.8 

Mean,     . 

60.3 

61.6 

60.0 

60.5 

40.6 

62.2 

62.0 

60.8 

61.4 

43.6 

42.3 
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Table  No.  32  —  Conduded. 


[Degreea  1 

Fahrenheit.] 

Chshvk  ut 

HlLT< 
RaSKBYOIB. 

Spot  Pond  (Dkfth  at 

Place  or  OBaKRTATioii 

28.0  Fbkt). 

NORTHBBN 

Bbbtiox. 

BourmRM 
Skbviob. 

MOHTH. 

Effluent  Oate- 

houae  So.  2. 

• 

1 

o 

t 

o 

V 

■o 

3 

1 

Tap  at  Glenwood 
Yard,  Medford 
(Low  Senrloe). 

Tap  at  44  Clarendon 
Street,  Maiden 
(High  Service). 

3oA 
IP 

nn| 

a  a 

8«& 

January,      .... 

36.5 

88.6 

34.0 

34.6 

. 

- 

87.0 

87.6 

Febroary,    . 

86.1 

84.1 

86.9 

86.0 

- 

- 

88.1 

87.2 

March, 

86.5 

36.8 

36.6 

87.4 

- 

- 

88.8 

87.0 

April,   . 

44.8 

42.8 

42.7 

42.8 

42.6 

42.8 

46.6 

46.8 

May,     .        . 

M.6 

68.1 

67.4 

68.8 

66.0 

51.4 

67.7 

68.0 

June,    . 

67.6 

67.8 

66.0 

60.8 

61.6 

68.5 

67.0 

67.8 

Jnly,     . 

78.1 

78.7 

72.7 

68.1 

68.8 

64.8 

71.2 

71.4 

Angaat, 

73.9 

72.6 

72.2 

66.8 

60.1 

66.6 

78.0 

72.8 

September,  . 

67.8 

66.8 

66.7 

66.7 

66.6 

64.1 

68.0 

68.0 

October, 

56.4 

66.7 

66.3 

66.8 

68.6 

60.0 

67.7 

67.2 

November,  , 

43.1 

89.6 

80.6 

80.6 

47.2 

50.8 

46.0 

45.8 

December,  . 

86.2 

84.8 

86.4 

86.4 

89.1 

41.4 

38.8 

88.7 

Mean,     . 

62.6 

51.8 

61.3 

40.8 

- 

68.4 

• 

68.1 

Table  No.  33. —  Temperatures  of  the  Aiir  at  Three  StaJtUms  on  the  Metro- 
politan Water  Works ^  1904. 

[Degreea  Fahrenheit.] 


Ohbstnut  Hill 

RlBBRTeiB. 

Framingham. 

Clinton 

• 

Month. 

• 

a 

0 
J 

8 

• 

a 

0 

a 

a 

3 

• 

a 

s 

• 

8 

0 

a 

M 

:« 

46 

• 

S 

0 

a 

? 

3 

-24 

a 

1 

• 

a 

0 

a 
8 

a 

0 

a 

1 

Mean. 

January,  .       .    •   .              43.0 

—17.0 

20.6 

18.8 

87.6 

-16.0 

14.0 

February, 

47.5 

—8.0 

21.1 

48 

—6 

20.2 

47.0 

-7.0 

17.6 

March,      . 

!     71.0 

2.0 

84.4 

68 

0 

84.8 

67.0 

—4.0 

81.2 

April, 

70.0 

22.0 

46.8 

78 

20 

46.2 

70.0 

21.0 

43.2 

May, .       .        . 

80.0 

84.0 

61.7 

80 

84 

60.8 

86.0 

88.0 

60.0 

June, 

04.5 

89.0 

68.8 

02 

80 

64.1 

00.6 

86.6 

68.8 

July, . 

08.6 

47.0 

71.6 

98 

48 

70.8 

90.0 

40.0 

69.9 

Anguat,     . 

01.6 

44.0 

68.4 

90 

44 

67.1 

86.5 

46.0 

66.9 

September, 

1    88.0 

20.5 

62.4 

85 

26 

61.1 

81.0 

27.0 

69.6 

October,   . 

76.0 

26.0 

40.4 

76 

20 

48.8 

74.6 

22.0 

47.7 

November, 

58.0 

10.0 

8(V2 

68 

6 

86.1 

54.0 

10.0 

38.4 

December, 

46.6 

2.0 

23.6 

48 

—7 

22.7 

49.5 

—4.5 

20.0 

Average,    , 

- 

- 

46.6 

46.7 

- 

- 

44.1 
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Table  No.  37.  —  Number  of  Service  Pipes^  Meters  and  Fire  Hydrants 
in  the  Several  Cities  and  Towns  supplied  by  the  Metropolitan  Water 
Works. 


OiTT  OB  Town.   ^ 


Beryl  ce«. 


MeUra. 


Fire 
HydnmU. 


BcwtoD, 
Bomerrllto, . 
Maiden,      . 
ChelMft, 
Qainey, 
Brerett, 
Medford,     . 
Melrose, 
lierere, 
WateriowD, 
WlDthrop,  . 
Belmont, 
Kahftnl, 
Arlington,  . 
BwampBoott, 
Stoneham,  . 
Milton, 
Lexington, . 
ToUl,   . 


90,671 

11,056 

6,750 

6,S67 

5,878 

4,868 

4,U2 

8,807 

2,028 

1.767 

1,801 

651 

426 

1,806 

1,171 

1,827 

1,127 

660 


146,861 


4,748 

1,276 

4.759 

126 

184 

78 

218 

106 

60 

1,666 

25 

661 

71 

116 

26 

1,127 

12 


16,246 


7,910 
986 
404 


081 
604 
480 


1S7 


IIT 

168 
65 
367 
126 
103 


94 


18. 
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Appendix   No.   4. 


Water  Works  Statistics  for  the  Year  1904. 

The  Metropolitan  Water  Works  supply  the  Metropolitan  Water  District, 
which  inclades  the  following  cities  and  towns  :  — 


CiTT  OB  Town. 


PopalatioD, 

Census  of 

1000. 


Bstlmated 
PopalaUoD, 
May  1, 1904. 


Boston, 

Bomerville, * 

Chelsea, 

Maiden, 

Newton,* >       . 

Everett, 

Qalney 

Medford, 

Hyde  Park,* 

Melrose, 

Revere, 

Watertown 

Arlington, 

Milton, 

Stoneham, 

Winthrop, 

Belmont, 

Lexington, 

Nahant, 

ToUl  popnlatlon  of  Metropolitan  Water  District, 

8wampseott,t 

8aagns,t 


810,300 

70,000 

87,800 

40,700 

80,000 

29,200 

27,700 

22,000 

14,600 

14,400 

13,400 

11,200 

10,100 

7,700 

6,400 

7,700 

6,000 

4,100 

1,400 


972,000 

6,200 

200 


*  No  water  supplied  to  these  places  dnring  the  year  from  Metropolitan  Water  Works. 
t  Not  in  the  Metropolitan  Water  District,  bat  has  been  supplied  with  water  from  the  Metropolitan 
Water  Works. 
X  Only  a  small  portion  of  Sangus  is  supplied  with  water. 
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/Sources  of  Supply. 


ROURCI. 

ArMof 

W«t«nhod 

(Square  Mllee). 

Renuurke. 

L«ke  Ooehtioata, 

&idbory  River 

Nuhnft  RiTer  (Booth  Bnmeh),     . 

18.87 

78.90 

118.81 

Works  bnilt  by  elty  of  Boston  in  1848. 
Works  bollt  by  dty  of  Boston  In  1871-7S. 
Works  begun  in  18M;  not  flnishod. 

Mode  of  Supply, 

26  per  cent,  from  gravity. 
74  per  cent  from  pumping. 

Pumping, 
Che»lnut  Hill  High-service  Station :  — 

Builders  of  pumping  machinery,  Holly  Manufacturing  Company,  Quintard  Iron 
Works  and  E.  P.  Allis  Company. 

Description  of  coal  used :  —  Bituminous :  Quemalioning,  Georges  Creek  Cumber- 
land, Pocahontas  and  Cumberland  steam ;  anthracite :  buckwheat  and  screen- 
ings. Price  per  gross  ton  in  bins :  bituminous  f  4.16  to  f  5.36,  buckwheat  f d.S8, 
screenings  $2.24  and  f  3.44.  Average  price  per  gross  ton  $3.87.  Percent,  ashes, 
12.4. 

Chestnut  Hill  Low-service  Station :  — 

Builders  of  pumping  machinery.  Holly  Manufacturing  Company. 

Description  of  coal  used :  —  Bituminous :  Quemahoning,  Georges  Creek  Cumber- 
land, Pocahontas  and  Cumberland  steam ;  anthracite :  buckwheat  and  screen- 
ings. IMce  per  gross  ton  in  bins :  bituminous  f 3.98  to  |5.36,  buckwheat  f  3.08, 
screenings  f  2.24  to  13.67.  Average  price  per  gross  ton  $3.97.  Per  cent,  ashes, 
12.0. 

Spot  Pond  Station :  — 

Builders  of  pumping  machinery,  Geo.  F.  Blake  Manufacturing  Company  and 

Holly  Manufacturing  Company. 
Description  of  coal  used :  —  Bituminous :  Georges  Creek  Cumberland ;  anthracite : 

buckwheat  and  screenings.    Price  per  gross  ton  in  bins:  bituminous  $4*40, 

buckwheat  $3.75,  screenings  $2.24.    Average  price  per  gross  ton  f  3.65.    Per 

cent,  ashes,  13  9. 


Ohssthut  Hill  Hioh-sirticb 
Statiok. 


Dsily  pumping  cspsolty  (gallons), 

Goal  eonaumed  for  year  (ponods), 

Cost  of  pumping,  figured  on  pnmplng  station  expenses,        . 
Total  pumpage  for  year,  correoted  for  slip  (million  gaUona), 

Average  dynamic  bead  (feetj. 

Gallons  pumped  per  pound  of  coal, 

Duty  on  basts  of  plunger  displacement, 

Cost  per  million  gallons  raised  to  resenrolr 

Oost  per  million  gallons  raised  one  foot, 


18,000,000 

20,000,000 

1,012,002 

270,676 

$4,181.84 

$1,326.62 

678.20 

202.86 

120.80 

127.00 

668.12 

1,047.14 

66,400,000 

120,640,000 

$7,170 

$4,620 

0.060 

0.086 

80,000,000 

8,668kTST 

$20,667.41 

10,U2.76 

128.30 

1,2U.6« 

184,060,000 

$2.8W 

O.f 
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Objbstnut  Hill 

low-sbbtxcx 

Station. 

Spot  Pond 
Station. 

Bnglnea  Kos.  6, 
6  and  7. 

Engine  No.  9. 

Dally  pompiDg  capacity  (gallona), 

Coal  consumed  for  year  (pounda), 

Coat  of  pnmptng,  flgarcd  on  pnmplng  atatlon  ezpenaea,    . 
Total  pumpage  for  year,  corrected  for  slip  (million  gallons),  . 

Average  dynamic  head  (feet), 

Gallons  pnmped  per  pound  of  coal 

Duty  on  basis  of  plunger  displacement, 

Cost  per  million  gallons  raised  to  resenroir, 

Cost  per  million  gallons  raised  one  foot, 

106,000,000 

8,002,888 

$88,804.16 

20,208.94 

64.91 

2,889.76 

110,290,000 

$1,071 

0.080 

20,000,000 

2,482,802 

$11,808.79 

2,927.47 

129.88 

1,188.07 

182,070,000 

$4,064 

0.081 

Consumption, 

Estimated  total  population  of  the  nineteen  cities  and  towns  sup- 
plied wholly  or  partially  during  the  year  1904,  .... 

Total  consumption,  gallons, 

Average  daily  consumption,  gallons, 

Gallons  per  day  to  each  inhabitant, 


927,800 

42,067.180,000 

114,909,000 

123.9 


Distribution. 


Kinds  of  pipe  used,      .... 

Sizes, 

Bxtensions  less  length  abandoned,  miles, 

Length  in  use,  miles 

Stop  gates  added 

Stop  gates  now  in  use, .... 

Service  pipes  added 

Service  pipes  now  in  use,    . 

Meters  added 

Meters  now  In  use 

Fire  hydrants  added 

Fire  hydrants  now  in  use,   . 


Owned  and 

operated 

by  Metropolitan 

Water  and 
Sewerage  Board. 


Total  in  District 

supplied 

by  Metropolitan 

Water  Works. 


00  to  0  inch. 

.02 

84.21 

3 

860 


-t 
00  to  4  inch. 
18.71 
1,507.81 


1,848 

146,801 

882 

16,240 

178 

18,289 


*  Cast-iron  and  cement-lined  wrought  iron.       t  Cast-iron,  cement-lined  wrought  iron  and  kalamine. 
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Appendix  No.  6. 


Contracts  made  and  pending  during 

Contracts  relating  to  the 


8  I 


10 


18 


22 


27 

85 

38 
86 


1. 

Num- 
ber 
of  Con- 
tract. 

9. 
WORK. 

1 
S. 

Num- 
ber of 
Bids. 

AjioTTifT  or  Bid. 

• 

•• 

4. 

Next  to  Low- 
est. 

5. 

Lowest. 

Contraetor. 

1 

2 

8 

4 

44 

46 

48 
50 

Section    68,  Belmont  Ex- 
tension, Cambridge,   22 
in    by  28  in..  24  in.  by 
28  in.  and  26  In.  diameter 
brick  sewer  in  open  cut 
and  tunnel. 

Pile  driving,  in  advanoe  of 
excavation,  on  Sections 
81  and  02,  Revere  Exten- 
sion, Chelsea. 

Part  of  Section  82.  Revere 
Extension,   Chelsea,   48 
in.  brick  sewer  in  tunnel. 

Part  of  Section  81,  Revere 
Extension,  Chelsea,  808 
linear  feet  of  54  in.  brick 
sewer  in  tunnel. 

ToUl,    .... 

7 

$4«,W1  50 

$45,288  00 

Gow  &  Palmer,  Boaton. 
Mass. 

1  Mayo  Contracting  Co., 
Boaton,  Maaa. 

Chas.  A.  Haakin,  Bos- 
ton, Maas. 

1 

Chas.  A.  HaaUtt,  Bos- 
ton, Maas. 

1 

j  . 
1 

Contracts  rdating  to  the 


Section  77,  High-level 
Sewer,  Roxbury,  pump.  | 
log  plant  for  Ward  Street  i 
pumping  station. 

Part  of  Section  48,  Quincy 
and  Hull,  westerly  line  of 
60-ineh  cast-iron  pipe, 
harbor  outfalls. 

Section  77,  High-level! 
Sewer,  Roxbury,  Ward 
Street   pumping  station  j 
and  connections.  { 

Parts  of  Section  44,  High- 1 
level  Sewer,  Qnlney. 

Section  48,  High-level 
Sewer,  Quincy. 

Section  78,  High-level 
Sewer,  Roxbury,  laying 
48-lnen  force-mains  and 
building  oonneoting 
sewer. 


2 


$207,000  00 


100,278  50 


285,719  50 


188,845  00 


40,828  00 


20,150  00 


$204,000  00 

04,402  46 

224,505  00 

125,554  60 
87,044  00 
26,280  00 


Allls-Chaimers  Co..  Mil- 
wankee.  Wis. 


Hiram     W.    Phillips, 
Quincy, 


L.  P.  Souie  8c  Son,  BoS' 
ton.  Ml 


W.    H.  Ellis,    Boaton. 
Mass. 

W.    H.   Ellis,    Bo«ton, 
Mass. 

H.   P.   Nawn,   Boaton. 
Ml 
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Appendix  No.  5. 


THE  Year  1904 — Sewerage  Works. 
North  Metropolitan  System. 


7» 

Date 
of  CoDtroct. 


8. 

Date  of 

CoDiDletlon  of 

Work. 


Piioes  of  Priooipal  Itama  of 
Contraetfl  made  In  1904. 


10. 

Value  of 

Work  done 

Dee.  81, 1904. 


Bept.  14,  *0S, 


Oct.     9,  '08, 


Oct.  23, '08, 


May     8,  IM, 


Apr.  28,  '04, 


Jane  24,  '04, 


Apr.  14,  '04, 


Aug.  18,  '04, 


For  completed  aewer  in  tunnel,  ezoept  piling  to  be 
furniahed  and  placed  by  the  Board,  $21  per  linear 
foot. 


$47,278  69 


18,802  80 


27,902  68 


12,768  00 


$101,747  17 


SoiUh  Metropolitan  System, 


Jan.  17, '02, 


May  28,  '02, 


Oct.     8,  '02, 


June  11.  '08, 


June  11,  '03, 


June   0,  '08, 


Sept.  29,'  04, 


May  81, '04, 


May   26, '04, 


May    14, '04, 


Jan.   23,  '04, 


$168,000  00 


94,692  96 


227,140  08 


114,860  28 


29,468  38 


29,366  06 


8 


10 
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Contracts  made  and  pending  during 

Contracts  reUxHng  to  the 


8 


1. 

Nam- 

ber 

of  OoD< 

tract. 


9. 
WORK. 


43 


42 


30 


40 


47 


40 


48 


Part  of  Section  48,  High, 
level  Sewer,  Qatncy  and 
Hull,  easterly  Hoe  of  60. 
iooh  eaat>lron  pipe,  har- 
bor outfalla. 

Two  vertloal  flre-tabe  boll, 
era  aod  flttinga  for  the 
Nat  laland  acreeD-hooae, 
Qntncy. 

Part  of  SeotiOD  44.  High- 
level  Sewer,  Quinoy, 
Bcreen-hoaae  o  d  Not 
lalaod. 

I  Qulocy  pomplng  statloo, 
force-malo  Hoe,  200 
tooa  24-lDch  ■  east-iron 
pipe  and  special  castiogs. 

Basterly  line  of  Section  48, 
High-level  Sewer,  Qoiney 
and  Hon,  2,266  tons  60. 
inch  east-iron  pipe  and 
special  eastings. 

Screening  machinery  for 
the  Not  Island  sereeo. 
hoose,  and  the  Ward 
Street  jpomping  station 
of  the  Hlgh.Ievel  Sewer, 
Qoiney  and  Roxbory. 

Additional  filling  on  em- 
bankments  and  complet- 
ing  Rook  Island  Road 
over  Section  48,  High- 
level  Sewer,  Qulocy. 

Total 


3.      I 

Nam. 
her  of 
Bids. 


Amount  of  Bid. 


4. 

Next  to  Low- 
est. 


$6,480  00 


20,071  00 


7,857  60 


64,617  80 


81,100  00 


0,570  00 


9. 

Lowest. 


$6,315  00 


20,040  00 


7,288  60 


66,066  70 


24,064  00 


7,600  00 


Contractor. 


Hiram     W.    PhUllpa, 
Qulocy,  Mass. 


Edward  Keodall  8fc  Sona, 
Cambridge,  Mi 


Woodbury  &  LeightOB 
Co.,  BoetOD,  Mass. 


Camden    Iron    Worka, 
Oamdeo,  N.  J. 


Camden    Iron    Works, 
Camden,  N.  J. 


The  Lockwood  Mano- 
factoring  Company, 
Boston. 


Joseph  J.  Moeba,  Boa. 
ton,  Mass. 
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THB  Ybab  1904  —  Sewerage  Works  —  Continued. 
South  Metropolitan  System  —  Concluded. 


r. 

Data 
of  GoDtnct. 


8. 

Data  of 

Oompletion  of 

Work. 


Prioea  of  Principal  Itami  of 
Contracts  mada  In  1904. 


Jane  80,  '08, 


Aug.  14,  '08, 


Sept.  11. '08, 


Deo.  21.  '08. 


Dec.  21,  '03, 


May  10. '04, 


May  28. '04, 


Nov.    2,  »04, 


Nov.    1, '04, 


Oct.    20.  *04. 


May  81, '04, 


Aug.  27.  '04, 


Nov.    8. '04. 


Oct.    21. '04. 


10. 

Value  of 

Work  done 

Dec.  81. 1904. 


Nut  laland  screening  machinery.  $12,862;   Ward 
Street  ecreening  machinery.  $11,192. 


Earth  excavation  and  filling  on  embankments,  $0.64 
per  cu.  yd.,  loam  and  peat  excavation  and  placing 
on  slopes  of  embankments,  $0.66  per  en.  yd., 
placing  rock  ballast,  $1  per  cu.  yd.  in  place. 


$99,611  04 


6.816  00 


20,940  00 


7,291  67 


66,091  28 


24,064  00 


7,118  66 


$878,720  10 


2 
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Contracts  made  and  pending  during  the  Year  1904 

Works  —  Concluded. 

Summary  of  Contracts.* 


Sewerage 


Vahie  of  Work 

done  Deectsber 

81, 1904. 


North  Metropolitan  Bysteoip  4  contraeta, 

Soatb  Metropolitan  System,  18  eontraeta, 

Total  of  17  cootraeta  made  and  pending  during  the  year  1904, 


$101,747  17 
878,720  10 


•080,467  S7 


*  In  this  aummary  the  coat  of  day  work,  and  eontracta  charged  to  maintenance  are  exelnded. 
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LEGISLATION  OF  THE  YEAR  1904  AFFECTING  THE 
METROPOLITAN  WATER  AND  SEWERAGE  BOARD. 


ACTS    OF    1904. 

[Chapter  30.] 

An  Act  making  an  appropriation  for  printing  and  binding 

THE   annual   report  OF  THE  METROPOLITAN  WATER  AND  SEW- 
ERAGE  BOARD. 

Be  it  enacted^  etc.,  cls  follows : 

Section  1.    The  sum  of  twentv-five  hundred  dollars  is  hereby  Report  of  the 

_^  metropolitan 

appropriated f  to  be  paid  ont  of  the  treasury  of  the  Common-  water  and 
wealth  from  the  ordinary  revenue,  for  printing  and  binding  the  board, 
annual  report  of  the  metropolitan  water  and  sewerage  board, 
the  cost  of  the  same  to  be  assessed  and  collected  by  the  treas- 
urer and  receiver  general  equally  upon  and  from  the  metropolitan 
water  and  metropolitan  sewerage  districts. 

Section  2.     This  act  shall  take  effect  upon  its  passage. 
[^Approved  January  30^  1904, 


[Chapter  60.] 

An  Act  making  an  appropriation  for  operating  the  south 
metropolitan  system  of  sewage  disposal. 

Be  it  enacted,  etc.<,  as  follows: 

Section  1.     A  sum  not,  exceeding  one  hundred  and  thirty-  south  metro. 

politan  system 

five  thousand  dollars  is  hereby  appropriated,  to  be  paid  out  of  of  sewap 
the  South  Metropolitan  System  Maintenance  Fund,  for  the  cost 
of  maintenance  and  operation  of  the  south  metropolitan  system 
of  sewage  disposal,  comprising  a  part  of  Boston,  the  cities  of 
Newton,  Quincy  and  Waltham,  and  the  towns  of  Brookline, 
Watertown,  Dedham,  Hyde  Park  and  Milton,  during  the  year 
ending  on  the  thirty-first  day  of  December,  nineteen  hundred 
and  four. 

Section  2.     This   act  shall  take  effect  upon  its  passage. 
[^Approved  February  6,  1904, 
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North  metro- 
politan system 
of  sewage 
disposal. 


[Chaptbr  62.] 

An  Act  making  an  appropriation  for  operating  the  north 
metropolitan  system  of  sewage  disposal. 

Be  U  enacted^  etc,^  as  follows : 

Section  1.  A  sum  not  exceeding  one  handred  and  twenty- 
three  thousand  dollars  is  hereby  appropriated,  to  be  paid  out  of 
the  North  Metropolitan  System  Maintenance  Fund,  to  provide 
for  the  cost  of  maintaining  and  operating  the  system  of  sewage 
disposal  for  the  cities  of  Boston,  Cambridge,  SomerviUe,  Mai- 
den, Chelsea,  Woburn,  Medford,  Melrose  and  Everett,  and  the 
towns  of  Stoneham,  Winchester,  Arlington  and  Belmont,  known 
as  the  North  Metropolitan  System,  daring  the  year  ending  on 
the  thirty-first  day  of  December,  nineteen  hundred  and  four. 

Section  2.  This  act  shall  take  effect  upon  its  passage. 
^Approved  February  6^  1904. 


1893,  342,  §  1, 
etc.,  amended. 


Time  wltbln 
which  certain 
petitions  for 
damages,  etc.. 
may  he  filed 
extended. 


[Chapter  186.] 

An  Act  to  extend  the  time  for  filing  petitions  for  damages 

AND  offers  of  SURRENDER  OF  REAL  ESTATE  UNDER  THE   ACT  TO 
PROVIDE  FOR  A  METROPOLITAN  WATER  SUPPLY. 

Be  it  enacted,  etc.,  as  follows: 

Section  1.     Section  one  of  chapter  three  hundred  and  forty- 
two  of  the  acts  of  the  year  eighteen  hundred  and  ninety-nine, 
as  amended  by  section  one  of  chapter  one  hundred  and  eight  of 
the  acts  of  the  year  nineteen  hundred,  and  by  section  one  of 
chapter  four  hundred  and  ninety-eight  of  the  acts  of  the  year 
nineteen  hundred  and  one,  is  hereby  further  amended  by  strik- 
ing out  the  word  '*  four",  in  the  seventeenth  line,  and  inserting 
in  place  thereof  the  word  :  —  five,  —  so  as  to  read  as  follows : — 
Section  1.    Petitions  under  the  provisions  of  section  fourteen 
of  chapter  four  hundred  and  eighty-eight  of  the  acts  of  the  year 
eighteen  hundred  and  ninety-five,  or  of  section  one  of  chapter 
four  hundred  and  forty-five  of  the  acts  of  the  year  eighteen 
hundred  and  ninety-seven,  and  acts  in  amendment  thereof  or 
in  addition  thereto,  for  the  determination  of  damages  for  the 
taking  of  real  estate  may  be  filed,  as  provided  by  law,  within 
two  years  after  the  actual  taking  by  right  of  eminent  domain  of 
such  real  estate  or  of  any  interest  therein,  and  petitions  for  the 
determination  of  damages  for  the  taking  of  water  rights  where 
no  land  is  taken  in  connection  with  such  water  rights,  aad  for 
the  determination  of  all  other  damage  provided  for  in  said  acts., 
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and  offers  of  sarrender  of  real  estate  provided  for  in  said 
acts,  may  be  filed  on  or  before  the  first  day  of  July  in  the  year 
nineteen  hundred  and  five. 

Section  2.     This   act  shall   take  effect   upon   its   passage. 
^Approved  March  29^  1904. 


[Chapter  230.] 

An  Act  to  authorize  the  metropolitan  water  and  sewerage 

BOARD  TO  determine  THE  LINES  AND  GRADES  OF  THE  HIGH 
LEVEL  METROPOLITAN  SEWER  ABOVE  THE  POINT  WHERE  THE 
SEWAGE  OF  THE  CHARLES  RIVER  VALLET  IS  TO  BE  RECEIVED. 

Be  it  enacted^  etc.,  as  follows : 
Section  1.     The  metropolitan  water  and  sewerage  board  is  Location,  etc., 

of  high  level 

hereby  authorized  to  determine  the  location,  elevation  and  size  metropolitan 

Bewcr« 

of  the  high  level  metropolitan  sewer  above  the  point  where  the 
sewage  from  the  Charles  River  valley  is  to  be  received. 

Section  2.     To  meet  the  expenses  of  determining  the  said  Treasurer 

'^  °  and  receiver 

location,  as  provided  in  section  one,  the  treasurer  and  receiver  general  to lasue 

^  scrip  or  certifl- 

general  is  authorized  to  issue  scrip  or  certificates  of  debt  in  the  cates  of  debt, 

name  and  on  behali  of  the  Commonwealth,  and  under  its  seal, 

to  an  amount  not  exceeding  seven  thousand  dollars  in  addition 

to  the  amounts  authorized  to  be  issued  under  the  provisions  of 

chapter  four  hundred  and  twenty-  our  of  the  acts  of  the  year 

eighteen  hundred  and  ninety-nine,  and  of  chapter  three  hundred 

and  fifty-six  of  the  acts  of  the  year  nineteen  hundred  and  three ; 

and  all  the  provisions  of  said  acts  shall  apply  to  this  additional 

loan. 

Section  3.     This   act  shall   take   effect  upon   its   passage. 
[^Approved  April  12 ^  1904. 


[Chapteh  246.] 

An  Act  to  provide  for  expenses  incurred  in  the  construc- 
tion OF  the  high  level  gravity  sewer  for  the  relief  of 

THE  CHARLES  AND  NEPONSET  RIVER  VALLEYS. 

Be  it  enacted,  etc.,  as  follows : 

Section  1.     The  treasurer  and  receiver  general  of  the  Com-  Treasurer 
monwealth,  in  order  to  meet  additional  expenses  incurred  under  ^neraJtoUsne 
the  provisions  of  chapter  four  hundred  and  twenty- four  of  the  SStesof  SeSf' 
acts  of  the  year  eighteen  hundred  and  ninety-nine,  and  chapter  ^^' 
three  hundred  and  fifty-six  of  the  acts  of  the  year  nineteen 
hundred  and  three,  shall,  with  the  approval  of  the  governor 
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and  coancil,  issue  from  time  to  time  scrip  or  certificates  of  debt 
in  the  name  and  behalf  of  the  Commonwealth  and  ander  its 
seal,  to  an  amount  not  exceeding  three  hundred  and  eighty-five 
thousand  dollars,  in  addition  to  the  amounts  authorized  to  be 
issued  under  the  provisions  of  said  chapters;  and  the  provi- 
sions of  said  chapters  and  of  acts  in  amendment  thereof  and  in 
addition  thereto  shall  apply  to  this  additional  loan. 

Section  2.    This  act  shall   take  effect  upon   its   passage. 
[Approved  AprU  22, 1904. 


[GHAPTB&  273.] 

An  Act  to  authorize  the  laying  of  water  pipes  or  mains 

under  or  over  tide  water. 

Be  it  enacted^  etc.,  as  follows : 

^rS*or  mafna       SECTION  1 .     The  metropolitan  water  and  sewerage  board,  and 
may  be  carried  the  water  board,  water  commissioners  or  superintendent  of  anv 

ander  or  over  '  f  j 

tide  waters,  etc.  city  or  town  in  the  metropolitan  water  district,  in  exercising 
the  powers  or  discharging  the  duties  conferred  or  imposed  by 
chapter  four  hundred  and  eighty-eight  of  the  acts  of  the  year 
eighteen  hundred  and  ninety-five  and  acts  in  amendment  thereof 
and  in  addition  thereto,  may  carry  and  conduct  any  aqueduct, 
conduit,  pipe,  drain  or  wire  under  or  over  tide  waters  or  the 
waters  of  Boston  harbor  by  such  methods  and  in  such  manner 
as  the  board  of  harbor  and  land  commissioners  shall  approve. 

Section  2.     This  act  shall  take  effect  upon  its  passage. 
[^Approved  April  29 y  1904, 


[Chapter  299.] 

An  Act  to  confirm  a  certain  agreement  between  the 
ropolitan  water  and  sewerage  board  and  the  citt  op 
marlborough,  relative  to  building.  an  additional  main 
sewer  and  filter  beds  for  said  crit. 

Be  it  enacted^  etc.,  as  follows : 
Certain  ajrree-       SECTION  1.     The  agreement  signed  by  the  mayor  of  the  city 
cityofMarr     of  Marlborough,  for  that  city,  and  by  the  metropolitan  water 
metropolitan     and  Sewerage   board,  for  the  Commonwealth,  dated  October 

water  and  8ew-  .  i^,,,  •.  ,,. 

erago  board       five,  nmcteeu  hundred  and  three,  and  recorded  with  Middlesex 

conllrmed.  ,,..  .  i.-.«,«<^^^  '     ^ 

south  district  registry  of  deeds,  book  3091,  page  101,  providing 
for  the  construction  and  maintenance  of  an  additional  main 
sewer  and  filter  beds  for  the  disposal  of  a  part  of  the  sewage  of 
said  city,  as  a  substitute  for  the  additional  main  sewer  provided 
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for  by  chapter  four  handred  and  forty-three  of  the  acts  of  the 
year  Dlneteen  handred  and  three,  is  hereby  ratified  and  con- 
firmed ;  and  all  action  taken,  all  construction  work  done  and  all 
payments  made  under  said  agreement  in  the  construction  of  said 
additional  main  sewer  and  filter  beds,  are  hereby  ratified,  ap- 
proved and  made  valid,  as  fully  as  if  such  additional  main  sewer 
had  been  constructed  in  accordance  with  the  provisions  of  said 
chapter. 

Section   2.     This  act  shall  take  effect  upon   its  passage. 
[^Approved  May  6^  1904. 


[Chaftbb  311.] 

An  Act  rblative  to  the  employment  of  mechanics    and 
laborers  in  the  construction  of  public  works. 

Be  it  enacted^  etc.,  as  follows: 

Chapter  one  hundred  and  six  of  the  Revised  Laws  is  hereby  r.  l.  loe,  §  i4, 
amended  by  striking  out  section  fourteen  and  inserting  in  place 
thereof  the   following:  —  Section  14.    In  the  employment  of  r^eferenceto 
mechanics  and  laborers  in  the  construction  of  public  works  by  citizens  in  the 

_,  ,  ,  1  .  ,  employment  of 

the  Commonwealth,  or  by  a  county,  city  or  town,  or  by  persons  mechanics  and 
contracting  therewith,  preference  shall  be  given  to  citizens  of 
the  Commonwealth,  and,  if  they  cannot  be  had  in  sufficient 
numbers,  then  to  citizens  of  the  United  States ;  and  every  con- 
tract for  such  works  shall  contain  a  provision  to  this  effect. 
Any  contractor  who  knowingly  and  wilfully  violates  the  pro-  penalty. 
visions  of  this  section  shall  be  punished  by  a  fine  of  not  more 
than  one  hundred  dollars  for  each  offence.  [^Approved  May  d, 
1904. 


[Chapter  314.] 

An  Act  to  regulate  removals  and  suspensions  from  office 
and  employment  in  the  classified  civil  service. 

Be  it  enacted,  etc,,  as  follows : 

Section  1.    Every  person  holding  office  or  employment  in  the  Persons  houi. 
public  service  of  the  Commonwealth  or  in  any  county,  city  or  plfLuc  service^ 
town  thereof,  classified  under  the  civil  service  rules  of  the  Com-  Sieved,  etc., 
monwealth,  shall  hold  such  office  or  employment  and  shall  not  ^^'*^^o^*  ^"^s®- 
be  removed  therefrom,  lowered  in  rank  or  compensation,  or  sus- 
pended, or,  without  his  consent,  transferred  from  such  office  or 
employment  to  any  other  except  for  just  cause  and  for  reasons 
specifically  given  in  writing. 
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Notice  to  be 
given,  etc. 


Section  2.  The  person  soaght  to  be  removed,  suBpended, 
lowered  or  transferred  shall  be  notified  of  the  proposed  action 
and  shall  be  famished  with  a  copy  of  the  reasons  required  to 
be  given  by  section  one,  and  shall,  if  he  so  requests  in  writing, 
be  given  a  public  hearing,  and  be  allowed  to  answer  the  charges 
preferred  against  him  either  personally  or  by  counsel.  A  copy 
of  such  reasons,  notice  and  answer  and  of  the  order  of  removal, 
suspension  or  transfer  shall  be  made  a  matter  of  public  record. 
[^Approved  May  9,  1904. 


Payment  of 

damaKes  for 

the  taKins:  of 


property  Dj 
right  of  emi- 


nent domain, 
etc. 


Proviso. 


[Chapter  317.] 
An  Act  relative  to  damages  for  the  taking  of  propbrtt 

BT  right   of   eminent   DOMAIN. 

Be  U  enacted^  etc.^  as  follows : 

Section  1.  In  all  cases  of  property,  real  or  personal,  taken 
by  right  of  eminent  domain,  or  eubjeoted  to  restrictions,  limita- 
tions or  regulations  by  the  Commonwealth,  or  by  any  county, 
city  or  town  therein,  the  Commonwealth  or  such  county,  city  or 
town  may,  at  any  time  after  such  taking,  or  after  the  imposi* 
tion  of  such  restrictions,  limitations  or  regulations,  estimate  and 
award  to  any  person,  city,  town  or  corporation  injured  by  soch 
taking  or  by  such  imposition,  the  damages  recoverable  therefor, 
and  may  qffer  in  writing  to  pay  to  such  person,  city,  town  or 
corporation  the  amount  of  such  award,  with  interest  thereon,  as 
provided  by  law,  from  the  date  of  such  taking  or  such  Imposi- 
tion, together  with  taxable  costs  if  a  petition  or  other  proceed- 
ing for  assessment  of  such  damages  is  pending.  The  person, 
city,  town  or  corporation  to  whom  or  to  which  such  offer  is 
made,  may  reject  or  accept  the  same,  and  acceptance  thereof 
may  be  either  in  full  satisfaction  of  all  damages  so  sustained, 
or  as  a  payment  pro  tanto  without  prejudice  to  any  right  to  have 
said  damages  assessed  by  a  jury  or  other  competent  tribunal. 
After  notice  of  such  offer,  made  as  aforesaid,  or  payment  of  the 
amount  thereof,  if  payment  be  made,  no  interest  shall  be  re- 
coverable, except  upon  such  amount  in  damages  as  shall,  upon 
final  adjudication,  be  in  excess  of  the  amount  of  said  offer: 
provided^  that  all  taxable  costs  accruing  subsequently  to  said 
offer  shall  be  recoverable  by  the  petitioner  in  all  cases. 

Section  2.  This  act  shall  take  effect  upon  its  passage. 
[^Approved  May  P,  1904. 
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[Chapter  349.] 

An  Act  to  provide  for  the  protection  of  persons  furnish- 
ing  materials  or  labor  for  public  works. 

Be  it  enacted^  etc,^  as  follows: 

Section  1.     Officers  or  agents  who  contract  in  behalf  of  any  Protection  of 

-         ,  .  .        s         t  f     persons  f  nr- 

county,  City  or  town  for  the  construction  or  repair  of  public  nisuing  mate- 
buildings  or  other  public  works  shall  obtain  sufficient  security,  for  public 
by  bond  or  otherwise,  for  payment  by  the  contractor  and  sub- 
contractors for  labor  performed  or  furnished  and  for  materials 
used  in  such  construction  or  repair ;  but  in  order  to  obtain  the 
benefit  of  such  security  the  claimant  shall  file  with  such  officers 
or  agents  a  sworn  statement  of  his  claim  within  sixty  days  after 
the  completion  of  the  work. 

Section  2.     This  act  shall  take   effect  upon   its  passage. 
^Approved  May  19^  1904. 


[Chaptbr  388.] 

An  Act  relative  to  printing  and  binding  certain  public 

documents. 

Be  it  enacted,  etc,  as  follows : 

Section  2.     Boards,  commissions  and  heads  of  departments  statistics  not  to 
having  charge  of  preparing  and  printing  documents  relating  to  puSiIc^docu." 
their  various  departments  shall  not  incorporate  therein  any  sta-  approval  of^^ 
tistics  unless  the  same  shall  be  approved  by  the  state  board  of  iication.  ^^  ' 
publication. 

Section  3.    This   act  shall   take  effect   upon   its  passage. 
^Approved  May  31^  1904. 


[Chapter  406.] 

An  Act  to  provide  for  the  improvement  of  spot  pond  brook 

BY  THE  metropolitan  WATER  AND  SEWERAGE  BOARD. 

Be  it  enacted,  etc.,  a^  follows : 
Section  1.     The   metropolitan   water  and   sewerage    board  The  metropoii. 

°  tan  water  and 

shall  improve  or  change  the  channel  of  Spot  Pond  brook  between  sewerageboard 

to  Improve 

Spot  pond  in  the  town  of  Stoneham  and  tide  water  in  the  city  spot  Pond 
of  Maiden  substantially  in  accordance  with  the  plans  and  rec- 
ommendations of  the  board  contained  in  its  report  to  the  general 
court  of  nineteen  hundred  and  three,  being  house  document 
number  one  thousand  and  eighty-seven  of  that  year. 
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eaaeiMn^etc.'  SECTION  2.  The  board,  for  the  purpose  aforesaid,  may  from 
time  to  time  take,  in  fee  or  otherwise,  by  purchase  or  otherwise, 
for  the  Commonwealth  or  for  the  city  of  Maiden  or  for  the  city 
of  Melrose,  as  the  board  shall  determine,  lands,  easements, 
rights  and  other  property,  and,  in  order  to  take  any  property  by 
right  of  eminent  domain,  shall  sign  and  cause  to  be  recorded  in 
the  registry  of  deeds  for  the  county  and  district  in  which  the 
property  to  be  taken  is  situated  a  description  thereof  as  certain 
as  is  required  in  a  common  conveyance  of  land ;  the  recording 
shall  constitute  the  taking. 
Damages.  SECTION  3.     Any  person  whose  property  is  injured  by  the 

taking,  or-  by  changing  the  channel  of  said  brook,  altering  its 
course,  or  diverting  the  waters  thereof  or  increasing  or  dimin- 
ishing the  daily  flow  of  said  waters,  may  have  compensation 
therefor  as  determined  by  agreement  with  the  board,  and  if  the 
parties  cannot  agree  upon  the  damages,  they  may  be  determined 
by  a  jury  of  the  superior  court  for  the  county  in  which  the 
property  is  situated  under  the  provisions,  so  far  as  they  may  be 
applicable,  of  chapter  forty-eight  of  the  Revised  Laws,  upon 
petition  therefor  by  the  board  or  person  filed  in  the  clerk's  office 
of  the  court  within  one  year  after  the  taking,  changing  or  alter- 
ing, and  the  petitioner  shall  have  judgment  for  the  amount  de- 
termined, with  interest  on  the  excess  of  the  amount  over  the 
award  of  the  board  and  costs  if  the  amount  is  greater  than  the 
award  of  the  board ;  otherwise  the  petitioner  shall  recover  no 
interest  and  shall  pay  costs. 
CommiBsioners  SECTION  4.  Any  justicc  of  the  supreme  judicial  court  sitting 
powers^ai'd  ^^  equity  for  the  county  of  Suffolk,  on  application  of  the  metro- 
Suties.  politan  water  and  sewerage  board  or  of  the  city  of  Maiden  or  of 

the  city  of  Melrose,  within  three  months  after  the  passage  of 
this  act,  shall,  after  such  notice  as  the  court  shall  order,  appoint 
three  commissioners,  and  may  appoint  a  new  commissioner  on 
the  occurring  of  any  vacancy.  The  commissioners,  after  sach 
notice  as  they  shall  deem  proper,  shall  hear  the  parties  and 
make  award  of  the  proportion  in  which  the  expenses  of  carrying 
out  this  act  shall  be  paid  by  the  metropolitan  water  district,  the 
city  of  Maiden,  and  the  city  of  Melrose.  The  commissioners 
shall  take  into  consideration  in  making  their  award  the  respon- 
sibility of  said  parties  in  connection  with  the  present  condition 
of  said  brook  and  the  waters  thereof,  their  rights  in,  to  and  over 
said  brook  and  the  waters  thereof,  their  rights  in,  to  and  over 
said  Spot  pond,  its  waters  and  watershed  so  far  as  they  relate 
to  said  brook,  and  the  benefits  which  will  accrue  to  said  parties 
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from  the  proposed  improyemento ;  and  shall  make  their  award 
on  these  bases  and  return  it  into  coart  with  a  statement  of  the 
questions  of  law  raised  by  either  party  and  the  findings  of  the 
commissioners  thereon. 

Section  5.     Any  justice  of  the  said  court  sitting  in  equity  JJ^^^^^^^ 
for  the  county  of  Suffolk  may  accept  the  findings  and  award, 
and  either  party  may  except  thereto ;  or  the  justice  may  report 
the  case  with  such  of  said  questions  of  law  as  either  party  may 
request  to  the  supreme  judicial  court  of  the  Commonwealth. 
Said  court  may  determine  the  questions  submitted  and  accept 
the  award,  or  may  amend  and  accept  the  award,  or  may  remand 
the  award  to  the  commissioners  for  further  hearing,  report  and 
acceptance,  in  accordance  with  said  determination :  provided^  Proviao. 
however^  that  if  the  city  of  Maiden  by  vote  of  its  city  council, 
or  the  city  of  Melrose  by  vote  of  its  city  council,  or  the  metro- 
politan water  and  sewerage  board,  shall,  within  four  months 
after  the  acceptance  of  the  award,  file  with  the  court  objection 
to  carrying  on  the  work,  it  shall  not  be  begun  until  the  objec- 
tion be  withdrawn,  but  if  no  such  objection  be  filed,  or  be  filed 
and  withdrawn  within  one  year  thereafter,  the  clerk  of  the  court 
shall  notify  the  parties  thereof,  and  the  work  shall  thereupon 
proceed  as  hereinbefore  provided.     The  metropolitan  water  and  ^^pe^^on 
sewerage  board  shall  pay  the  compensation  and  expense  of  the  J^^m^BSon* ^^ 
commission  as  approved  by  the  court,  and  during  and  after  the  e^- 
completion  of  the  work  shall  keep  the  channels,  conduits  and 
culverts  in  repair  and  pay  the  expense  thereof,  and  the  com* 
pensation  and  expenses  so  paid  shall  be  assessed  and  repaid  as 
the  expense  of  construction  is  to  be  repaid. 

Section  6.     The  other  expenses  incurred  in  carrying  out  the  Metropolitan 
provisions  of  this  act  shall  be  paid  by  the  Commonwealth,  and 
the  treasurer  and  receiver  general  shall,  from  time  to  time,  on 
request  of  the  board,  issue  and  sell  notes,  bonds  or  scrip  of  the 
Commonwealth  to  an  amount  not  exceeding  two  hundred  and 
twenty-five  thousand  dollars,  designated  on  the  face  thereof, 
Metropolitan  Water  Loan,  and  use  the  proceeds  to  meet  said 
expenses  and  to  meet  the  interest  and  sinking  fund  requirements 
of  the  loan  until  the  award  has  been  accepted,  and  the  provisions  Certain  pro- 
of chapter  four  hundred  and  eighty-eight  of  the  acts  of  the  year  to  apply, 
eighteen  hundred  and  ninety-five  and  acts  in  amendment  thereof 
and  in  addition  thereto  shall,  so  far  as  they  may  be  applicable, 
apply  to  said  loan. 

Section  7.     The  cities  of  Maiden  and  Melrose  shall  respec-  Payment  of 
tively  pay  to  the  treasurer  of  the  Commonwealth  each  year  the        * 
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interest  and  sinking  fond  requirements  of  sach  part  of  the  loan 
aforesaid  as  shall  be  eqaal  to  the  amount  of  said  expenses  which 
the  cities  respectively  are  required  by  the  award  to  pay,  and  the 
interest  and  sinking  fund  requirements  of  the  remainder  of  the 
loan  shall  be  paid  by  all  the  cities  and  towns  in  the  metropolitan 
water  district,  as  other  expenses  of  the  water  works  are  paid. 
and^HM^ion  SECTION  8.  The  Commissioners  shall,  within  six  months  after 
of  betterments,  ^jj^  completion  of  the  work  of  construction,  if  in  their  opinion 
any  land  receives  a  benefit  from  the  improvement  authorized  by 
this  act  beyond  the  general  benefit  to  all  land  in  said  cities, 
determine  the  value  thereof,  and  assess  upon  the  land  a  propor- 
tional share  of  the  cost  of  such  improvement,  not  exceeding  the 
value  of  the  benefit ;  and  any  party  so  assessed  may  have  the 
amount  of  the  assessment  determined  by  a  jury  of  the  superior 
court  of  the  county  in  which  the  land  is  situated,  under  the  pro- 
visions, so  far  as  they  may  be  applicable,  of  chapter  fifty  of  the 
Revised  Laws,  but  without  interest  or  costs,  if  the  assessment 
is  not  less  than  the  amount  determined  by  the  jury,  and  the 
assessment  shall  constitute  a  lien  upon  the  land  assessed  until 
paid.  Every  such  assessment  shall  be  certified  by  the  clerk  of 
said  court  to  the  collector  of  the  city  in  which  the  land  lies,  and 
collected  by  him  in  the  manner  provided  for  the  collection  of 
taxes,  and  the  proceeds  thereof  shall  be  paid  to  the  treasurer 
of  the  Commonwealth  and  used  to  meet  the  interest  and  sinking 
fund  requirements  of  the  loan  authorized  by  this  act. 

Section  9.     Except  as  otherwise   provided  herein  this  act 
shall  take  efl^ect  upon  its  passage.     [^Approved  June  3j  1904. 


When  to  take 
effect. 


R.  L.  9,  f  7, 
amended. 


Report  of 
metropolitan 
water  and 
Bewerage 
board. 


[Chapter  410.] 

An  Act  relative  to  the  printing  and  distribution  of  certain 

PUBLIC  documents. 

Be  il  enacted,  etc.,  as  follows : 

Section  seven  of  chapter  nine  of  the  Revised  Laws  is  hereby 
amended  as  follows :  —  ...  By  striking  out  the  words  "  forty- 
five  hundred  ",  in  the  one  hundred  and  eighteenth  line,  and  in- 
serting in  place  thereof  the  words :  —  six  thousand,  —  so  that 
the  paragraph  beginning  with  the  one  hundred  and  eighteenth 
line  will  read  as  follows :  —  Of  the  metropolitan  water  and  sew- 
erage board,  six  thousand  copies.     [^Approved  June  3,  1904. 


No,  57.]        AND   SEWERAGE  BOARD.  269 

[Chaptbh  426.] 

An  Act  relative  to  the  apportionment  of  the  annual 
assessments  required  for  the  construction  and  mainte- 
nance of  the  metropolitan  water  system. 

Be  it  enacted^  etc.^  as  follows : 
The  treasurer  and  receiver  general  of  the  Commonwealth,  for  Appordon- 

^  ment  of  annual 

the  purpose  of  making  the  apportionment  to  the  cities  and  towns  asBessments 

for  construe- 
in  the  metropolitan  water  district  of  the  amount  required  in  tion  and  main. 

each  year  to  pay  the  interest,  sinking  fund  requirements  and  metropolitan 
expenses  of  maintenance  and  operation  of  the  metropolitan 
water  system  provided  for  by  section  nineteen  of  chapter  four 
hundred  and  eighty-eight  of  the  acts  of  the  year  eighteen  hun- 
dred and  ninety-five,  as  amended  by  chapter  four  hundred  and 
eighty-nine  of  the  acts  of  the  year  nineteen  hundred  and  one, 
shall,  in  the  year  nineteen  hundred  and  six  and  in  each  year 
thereafter,  apportion  to  the  city  of  Boston  the  proportion  of  such 
amount  which  the  valuation  of  that  city  for  the  preceding  year 
bears  to  the  total  of  all  such  valuations  of  all  cities  and  towns 
in  said  water  district :  provided^  however^  that  there  shall  be  in-  Proviso, 
eluded  only  one  fifth  of  the  total  valuation  of  every  such  city 
and  town  which  has  not  reached  the  safe  capacity  of  its  present 
sources  of  supply  in  a  dry  year  or  of  the  sources  of  supply  of 
the  water  company  by  which  it  is  supplied,  as  determined  by  the 
metropolitan  water  and  sewerage  board  and  certified  to  said 
treasurer,  or  which  has  not  made  application  to  said  board  for 
water ;  and  the  remainder  to  the  other  cities  and  towns  in  said 
district,  one  third  in  proportion  to  their  respective  valuations 
for  the  preceding  year  and  the  remaining  two  thirds  in  propor- 
tion to  the  consumption  by  the  cities  and  towns  respectively  in 
the  preceding  year  of  water  received  from  all  sources  of  supply 
as  determined  by  said  board  and  certified  to  said  treasurer,  in- 
cluding however  only  one  fifth  of  the  total  valuation  and  not 
including  any  consumption  of  water  for  any  such  city  or  town 
which  has  not  reached  the  safe  capacity  of  its  present  sources 
of  supply  or  of  the  sources  of  supply  of  the  water  company  by 
which  it  is  supplied  as  aforesaid,  or  which  has  not  made  appli- 
cation to  said  board  lor  water ;  and  provided^  further,  that  any  Proviso. 
city  or  town  assessed  upon  its  full  valuation  which  obtains  a 
part  of  its  water  supply  from  its  own  works  or  receives  a  supply 
from  a  water  company  shall  be  allowed  and  credited  in  its  ap- 
portionment with  a  sum  equal  to  twelve  dollars  for  each  million 
gallons  of  water  furnished  as  aforesaid,  as  determined  by  said 
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Payment  of 
aMeBsmento. 


Approyal  of 
certain  official 
bonds. 


Compensation 
for  damages 
occasioned 
in  town  of 
Boylston  by 
the  construc- 
tion of  the 
metropolitan 
water  system. 


board  and  certified  to  aaid  treasurer.  The  treasurer  shall  in 
each  year  notify  each  city  and  town  of  the  amount  of  its  assess- 
ment, and  the  same  shall  be  paid  by  the  city  or  town  into  the 
treasury  of  the  Commonwealth  at  the  time  required  for  the  pay- 
ment and  as  part  of  its  state  tax.     [_Appraved  June  4^  1904, 


[Chaftbh  431.] 

An  Act  relative  to  the  approval  op  certain  official  bonds. 
Be  it  enacted,  etc,,  as  follows : 

Section  1.  The  official  bonds  given  by  persons  designated 
to  receipt  for  advances  of  money  by  the  metropolitan  park  com- 
mission and  the  metropolitan  water  and  sewerage  board,  which 
have  heretofore  been  approved  by  the  auditor  of  accounts,  shall 
hereafter  be  approved  by  the  treasurer  and  receiver  general. 

Section  2.  This  act  shall  take  effect  upon  its  passage. 
[^Aj^oved  June  4,  1904. 


Proviso. 


Certain  rules 
and  regulations 
not  to  constl- 


[Chaptbr  436.] 

An  Act  relative  to  compensation  for  damages  occasioned 
in  the  town  op  boylston  by  the  construction  of  the 
metropolitan  water  system. 

Be  it  enacted,  etc,,  as  follows : 

Section  1.  The  owner  of  any  real  estate  situated  in  that 
part  of  the  town  of  Boylston  on  the  southerly  and  southeasterly 
side  of  the  metropolitan  water  basin  known  as  the  Wachusett 
reservoir,  and  within  the  limits  of  the  Nashua  river  watershed, 
not  taken  but  directly  or  indirectly  decreased  in  value  by  reason 
of  chapter  four  hundred  and  eighty-eight  of  the  acts  of  the  year 
eighteen  hundred  and  ninety-five  and  amendments  thereof,  en- 
titled ''An  Act  to  provide  for  a  metropolitan  water  supply  ", 
or  by  the  doings  of  the  metropolitan  water  board  or  of  the 
metropolitan  water  and  sewerage  board  thereunder,  shall  have 
the  same  right  to  damages  for  such  decrease  in  value,  to  be  de- 
termined and  recovered  in  the  same  way,  as  is  provided  for 
owners  of  certain  real  estate  in  the  town  of  West  Boylston  by 
section  fourteen  of  said  chapter :  provided^  that  the  petition  re- 
quired by  said  section  is  filed  within  two  years  after  the  passage 
of  this  act ;  but  no  owner  shall  have  the  right  to  surrender  his 
real  estate  to  the  Commonwealth  in  the  manner  provided  in  said 
chapter. 

Section  2.  The  rules  and  regulations  of  the  state  board  of 
health  or  of  the  metropolitan  water  and  sewerage  board  now  or 
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hereafter  in  force  for  the  sanitary  protection  of  water  or  sources  tnte  an  element 

of  damage. 

of  water  supply  shall  not  constitute  an  element  of  damage  within 
the  meaning  of  this  act. 

Section  3.    This  act  shall  take  effect  upon  its  passage. 
[^Approved  June  5,  1904. 


[Chapter  467.] 

An  Act  to  authorize  the  town  of  reyere  to  supply  itself 

WITH  WATER. 

Be  it  enacUdy  etc.,  as  follows : 
Section  1.     The  town  of  Revere  may  supply  itself,  its  in-  TownofReTere 

»  »  V  may  supply 

habitants  and  such  inhabitants  of  the  town  of  Sangus  as  are  iteeif,  its  in. 
now  supplied  with  water  or  may  hereafter  make  application  to  certain  inhabit- 
be  supplied  with  water  under  the  provisions  of  section  seven  of  with  waterf  "^ 
chapter  three  hundred  and  eighty-two  of  the  acts  of  the  year 
eighteen  hundred  and  eighty-nine,  with  water  for  the  extin* 
guishment  of  fires  and  for  domestic  and  other  purposes,  obtain- 
ing the  same  from  the  metropolitan  water  supply  district,  as  Mav  obtain 
provided  in  chapter  four  hundred  and  eighty-eight  of  the  acts  metropolitan 
of  the  year  eighteen  hundred  and  ninety-five  and  acts  in  amend-  ^^  '  *"^^  ^' 
meut  thereof  and  in  addition  thereto,  may  establish  fountains  Maj  eetabitsh 

hydrants,  etc., 

and  hydrants  and  relocate  or  discontinue  the  same,  and  may  regoiatethe 

nse  of  water 

regulate  the  use  of  such  water  and  fix  and  collect  rates  to  be  etc 
paid  for  the  use  of  the  same. 

Section  2.     Said  town  for  the  purposes  aforesaid  may  hold  May  hold  and 

^      '^  ^  convey  water 

and  convey  the  water  to  be  furnished  by  the  metropolitan  water  furnished  by 

•^  •>>     .  ^  metropolitan 

supply  district  as  hereinbefore  provided,  and  may  also  take,  by  water  supply 

purchase  or  otherwise,  and  hold  all  lands,  rights  of  way  and  May  take  and 

easements  necessary  for  holding,  storing,  purifying  and  pre-  ^^^^  ^*'^^''  '*^- 

serving  such  water  and  for  conveying  the  same  to  any  part  of 

said  town ;  may  erect  on  the  lands  thus  taken  or  held  proper 

dams,  reservoirs,  buildings,  fixtures  or  other  structures ;  may 

make  excavations,  procure  and  operate  machinery,  and  provide 

such  other  means  and  appliances  as  may  be  necessary  for  the 

establishment  and  maintenance  of  complete  and  effective  water 

works ;  may  construct  and  lay  conduits,  pipes  and  other  works, 

under  and  over  any  lands,  water  courses,  railroads,  railways  or 

public  or  private  ways,  and  along  any  such  way  in  such  manner 

as  not  unnecessarily  to  obstruct  the  same ;  and  for  the  purpose 

of  constructing,  maintaining  and  repairing  such  conduits,  pipes 

or  other  works,  and  for  all  proper  purposes  of  this  act,  said 

town  may  dig  up  any  such  lands,  and  may  enter  upon  and  dig 

up  any  such  ways  in  such  manner  as  to  cause  the  least  hindrance 
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to  public  travel  thereoD.  The  title  to  all  land  taken  or  pur- 
chaeed  under  the  provisions  of  this  act  shall  vest  in  said  town, 
and  the  land  so  taken  may  be  managed,  improved  and  controlled 
by  the  board  of  water  commissioners  hereinafter  provided  for, 
in  such  manner  as  they  shall  deem  for  the  best  interests  of  said 
town :  provided^  that  nothing  in  this  section  shall  be  construed 
as  authorizing  said  town  to  acquire,  enter  upon  or  make  use  of 
land  of  the  Commonwealth  in  said  town  for  said  purposes,  unless 
to  be  used,  etc.  jj^e  consent  of  the  officers  of  the  Commonwealth  having  control 
of  such  land  has  first  been  obtained. 


Proylao. 


Land  of  Com- 
monwealth not 


Payment  of 
loan,  etc. 


Payment  to 
metropolitan 
water  Doard 
Included. 


Powers  and 
duties. 


Payment  to 
metropolitan 
water  board  to 
be  Included 
In  expense 
account. 


When  to  take 
effect,  etc. 


Section  6.  The  town  shall  provide  at  the  time  of  contract- 
ing the  loan  for  such  annual  proportionate  payments  thereof  as 
will  extinguish  the  same  at  maturity,  and  after  the  town  has 
passed  a  vote  to  that  effect  the  sums  required  for  this  purpose 
and  for  payment  of  interest  on  the  loan  shall  be  assessed  and 
collected  annually  in  the  same  manner  in  which  other  taxes  are 
assessed  and  collected.  The  town  shall  also  raise  annually  by 
taxation  a  sum  which  with  the  income  derived  from  water  rates 
will  be  sufficient  to  pay  the  current  annual  expenses  of  operat- 
ing its  water  works,  including  therein  any  annual  payment  to 
said  metropolitan  water  board. 

Section  10.  Said  commissioners  shall  fix  such  prices  or  rents 
for  the  use  of  water  as  shall  produce  annually  as  near  as  may 
be  a  net  surplus  over  operating  expenses,  including  therein  any 
annual  payment  to  said  metropolitan  water  board,  and  interest 
charges  equal  to  two*  per  cent  of  the  total  amount  of  the  bonds, 
notes  or  scrip  issued  under  this  act,  after  paying  all  current 
expenses  of  operating  the  water  works,  and  interest  upon  loans, 
and  after  payment  of  all  expenses  of  new  construction  not  ex- 
ceeding three  thousand  dollars  in  any  one  year  after  the  original 
construction.  The  net  surplus  aforesaid  shall  be  paid  into  the 
treasury  of  the  town.  Said  commissioners  shall  annually  ren- 
der an  account  of  all  their  doings,  and  shall  be  governed  by  the 
provisions  of  section  fifteen  of  chapter  twenty-seven  of  the 
Revised  Laws  and  acts  in  amendment  thereof  and  in  addition 
thereto,  except  as  otherwise  provided  herein. 

Section  12.  This  act  shall  be  submitted  to  the  voters  of  said 
town  at  any  annual  town  meeting  or  at  a  special  meeting  duly 
called  for  the  purpose,  at  which  the  check  list  shall  be  used, 
and  it  shall  take  effect  upon  its  acceptance  by  two  thirds  of  the 
voters  present  and  voting  thereon  at  any  such  meeting.     If  the 
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act  is  accepted  at  an  annual  town  meeting,  the  water  commis- 
sioners herein  provided  for  may  be  elected  at  the  same  meeting. 
[^Approved  June  9,  1904, 


RESOLVES. 

[Chaftbk  28.] 

RbSOLYK  to  provide  for  the  payment  of  a  sum  of  MONET 
FROM  THE  METROPOLITAN  SEWERAGE  LOAN  TO  HANNAH  M. 
MoCARTHY. 

Besolvedy  That  there  be  allowed  and  paid  out  of  the  Metro-  Hannah  m. 
politan  Sewerage  Loan  authorized  by  section  fourteen  of  chapter 
four  hundred  and  twenty-four  of  the  acts  of  the  year  eighteen 
hundred  and  ninety-nine,  the  sum  of  seven  hundred  and  fifty 
dollars,  to  Hannah  M.  McCarthy,  widow  of  Patrick  D.  McCarthy 
who  was  killed  on  the  twenty-sixth  day  of  May  in  the  ye.ar 
nineteen  hundred  and  two  by  an  accident  in  a  metropolitan 
sewer  in  Roxbury,  while  in  the  discharge  of  his  duties  as  an 
employee  of  the  metropolitan  water  and  sewerage  board.  [^j> 
proved  March  31^  1904. 


[Chaptek  98.] 

Resolve  to  provide  for  the  appointment  of  a  committee 
TO  investigate  the  local  sewerage  systems  within  the 
metropolitan  sewerage  district. 

Resolved^  That  the  governor,  with  the  advice  and  consent  of  SVS^/gatelSr- 
the  council,  is  hereby  authorized  to  appoint  a  committee  of  ^BtemsTtc^^ 
three  persons,  of  whom  one  shall  be  a  member  of  the  metropoli-  appointment, 
tan  park  commission,  one  a  member  of  the  Charles  River  basin 
commission,  and  one  a  member  of  the  board  of  harbor  and  land 
commissioners,  aud  of  whom  one  shall  be  designated  by  the 
governor  as  chairman.  The  said  committee  shall  investigate 
the  extent,  condition  and  usefulness  of  the  sewerage  systems  of 
the  cities  and  towns  within  the  metropolitan  sewerage  district, 
but  not  now  iucluded  in  the  metropolitan  sewerage  system,  and 
especially  shall  ascertain  whether  or  not  any  parts  of  such  local 
sewerage  systems  should,  in  their  judgment,  be  purchased  and 
maintained  by  the  metropolitan  water  and  sewerage  board.  The 
members  of  the  committee  shall  serve  without  compensation, 
and  shall  report  to  the  next  general  court  on  or  before  the  fif- 
teenth day  of  January  in  the  year  nineteen  hundred  and  five. 
^Approved  June  5,  1904, 
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